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XXXIV. Experiments and Obfervations made /#Rritaiiv 
in order to obtain a Rule for meafuring Heights witfy 
the Barometer. My Colonel William Roy. F. R, S* 



Jtead June iz and 19, and Nov. 6 and 13, 1757? 

INTRODUCTION* 

TN philofophical inquiries of every kind, where any 
-*■ point is to be afcertained by experiments, thefe can- 
not be repeated too often, nor varied too much* in order 
to obtain the truth: for even when the utmoft precau- 
tion hath been ufed, and the greateft pains have been 
taken, it rarely happens, that they agree fo exactly, as 
to leave no room for doubt. Were it poffible at all 
times, to have experiments made in circumftances per- 
fectly fimilar, a confiderable degree of eonfiftensy 
might naturally be expected among the refults, where- 
of the mean would determine the point in queftioii; 
but different men, making ufe of different inftra- 
ments, have different modes of conducting their ope- 
rations, each purfuing the traft that feems. to him the 
molt likely to infure fuccefs. Hence it is that a variety 
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of refults arife, and that things fometimes appear contra- 
dictory, or at leaft prefent themfelves under new forms, 
difficult at firft fight to be accounted for, and therefore 
apttt) miflead, till by a farther in veftigation of the mat- 
ter, the true caufes are difcovered. Even irregularities of 
this fort are worthy of being communicated, that others 
may know what hath happened before, and what, in like 
cafes, they may expedt to meet with, in the courfe of 
their future inquiries. Improvements of every kind ad- 
vance by flow degrees ; and it is not until things have 
been viewed in every poffible light, that the errors, 
even of our own experiments, are difcovered, the points 
in queftion ultimately afcertained, and the branch of 
philofophy depending upon them, gradually brought 
nearer to perfection, 

Ever fince the difcovery made by torricilli, the 
barometer hath been applied, by different perfcns, in dif- 
ferent countries, to the meafurement of vertical heights, 
with more or lefs fuccefs, according to the more or lefs 
perfect ftate of the inftruments ufed, and the particular 
modes of calculation adopted, by the obfervers. But of 
all thofe who have hitherto employed themfelves in this 
way, none hath bellowed fo much time and pains, or 
fucceeded fo well, as Mr, de luc, of Geneva, f. r. s. In 
two quarto volumes, published fome years fince, that 

gentleman 
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gerrtleman hath given us the hiftory of the barometer 
and thermometer* with a very curiotas and elaborate de- 
tail of man/ years experiments* made by him, chiefly on 
the mountain Saleve. . It would be totally fuperftuous 
here to enter into any cirqumftantial account of the me- 
thod he makes ufe of, fince that hath already been fo 
fully illuftrated by two Fellows of the Royal Society, 
who have at the fame time given formulae and tables, 
adapted to the meafures of this country, (Phil, TranC for 
1774, voL LXV. N° xx* and xxx.) thatnothing farther 
can be defired on that head. 

It may neverthelefs be neceffary juft to called remem- 
brance that the rule, deduced from the obfervations on 
Saleve, confifts of three parts* 1 ft, The equation for the 
expanfion of the quickfilver in the tube, from the efieft 
of heat, whereby the heights of the columns, in the in* 
f&rior.and fuperior barometers, are conftantly reduced 
to what they would have been in the fixed temperature 
of 54°| of Fahrenheit, independant of the preffure 
they refpe&ively fuftained. ad, When the mean tem- 
perature of the column of air to be meafured, is 69^32, 
as indicated by thermometers expofed to the Surfs rays 
at its extremities; then the difference of the common 
logarithms, of the equated heights of quickfilver in the 

two 
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two barometers, gives £he altitude intercepted between 
them, in toifes and thoufandth parts, reckoning the three 
£gures to the right hand decimals, and the others inte- 
gers, the index being neglected. This temperature of 
6 9 . 3 2, when the logarithmic differences give the real 
height without any equation, is reduced to 39°.74, the 
new zero of Mr. de luc's fcale, when his formula is 
adapted to Englifti fathoms and thoufandth parts, inftead 
of French toifes. And laftly, when the mean temperature 
of the air is above or below 3 g°.j 4, an equation, amount- 
ing to To— parts of the logarithmic height for each de- 
gree of difference, is, in the firfl: cafe to be added to, and 
in the laft fubtra£ted from, that refute, in order to obtain 
the real altitude. 

In Mr. de luc's book, the experiments for afcertain- 
ing the expanfion of the quickfilver, are not given in 
detail; neither are the particular temperatures of the 
barometers fpecified. The winter feafon was however 
chofen forthe purpofe ; one being left in a cold room, and 
the other in a clofet, heated as high as could conveniently 
be fuffered. The 'operation having been repeated feveral 
times without any effential difference in the refults, this 
general conclufion is drawn, that between the tempera- 
tures of melting ice and boiling water, the expanfion of 

the 
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the quickfilver is exactly fix French lines, or .532875 
decimal parts of an Englifh inch. But it is to be ob- 
ferved, that the barometer flood then at 28.77525; 
whereas, if it had flood at 30 inches, it would have been 
.555556, becaufe the expanfion is in proportion to the 
length of the column. Farther, the interval between the 
freezing and boiling points in all thermometers, varies 
with the height of the barometer, or weight of the atmo- 
fphere ; and it is the cuflom in England to make thermo- 
meters when the barometer ftands at 30 inches; that is 
to fay, 1 .2 2 5 or 1 3.8 French lines, higher than when Mr. 
be luc's boiling point was fixed: and fince from his ex- 
periments it appears, that each line of additional height 
in the barometer, raifes the boiling point rrj+fa P art °f 
the interval between that and freezing, it follows that 
►— = 0.158 x 13.8 = 2°.2, will denote the number of 
degrees, that Mr. de luc's boiling point is lower than 
that of Englifh thermometers, which reduces it to 209.8 
of Fahrenheit, and makes the interval between freez- 
ing and boiling only 177.8 degrees. Hence the expan- 
fion .555556, formerly found, muft be increafed in the 
proportion of 177.8 to 180, which gives for the total 
.5624297 or .56243, on a difference of temperature of 
1 8o°. Thus the expanfion for each degree, fuppofing it 
Vol. LXVIL 4 Q to 
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to be arithmetical, or uniformly the fame in all parts of 
the fcale, will be .003 1 2461 (a) . 

Having now fliewn the expanfion of quickfilver in the 
tubes of barometers refulting from the Geneva obferva- 
tions, I fliall next proceed to give fome account of thofe 
I made for that purpofe. They derive their origin from 
my having very accidentally obferved, that a fmall de- 
gree of heat, and of fliort duration, fenfibly affe&ed the 
length of the column in Mr. ramsden's portable baro- 
meter, whereof a view is given in plate XVI. The 
principal parts of this inftrument are a limple ftraight 
tube, fixed into a wooden ciftern, which, for the conve- 
niency of carrying, is fhut with an ivory fcrew, and, that 
being removed, is open when in ufe. Fronting this aper- 
ture is diilincSlly feen, the coincidence of the gage-mark, 
with a line on the rod of an ivory float, fwimming on the 
furface of the quickfilver, which is raifed or deprefled by 
a brafs fcrew at the bottom of the ciftern. From this, as 
a fixed point, the height of the column is readily mea- 
fured on the fcale attached to the frame, always to — 

(a) This paper having lately been communicated to Mr. de luc, he hath 
informed me, that the difference of temperature in his experiments, amounted 
to about 31 of reaumur, or 72 of Fahrenheit, above freezing : where- 
fore, .00312461 x 72 n. 2 25 nearly, will denote the rate of expanfion from 
which he deduced that for i8o°; and within thefe limits, it will hereafter be 
oundto differ very little from the refult of the prefent experiments. 

1 part 
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part of an inch, by means of a nonius moved with rack- 
work. A thermometer is placed near the cutern, whofe 
ball heretofore, Was ufually inclofed within the wood 
workj a defeat that hath been fince remedied. The three- 
legged ftand, fupporting the inftrument when in ufe, 
ferves as a cafe for it, when inverted and carried from 
place to place. Two of thefe barometers, after the quick- 
silver in them hath been carefully boiled, being fuffered 
to remain long enough in the fame fituation, to acquire 
the fame temperature, ufually agree in height, or rarejy 
differ from each other more than a few thoufandth parts 
of an inch, which were conftantly allowed for in calcu- 
lating altitudes, as well as in eftimating the rate of expan- 
sion, in the courfe of the following experiments* 
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SECTION I. 

Experiments on the expanfion of quickjifoer. 

THE experiments made for this purpofe were nu- 
merous as well as various, and were therefore iuKUvided 
into feveral claffes. To give a minute detail of them all, 
would be extremely tedious, and now wholly ufelefs, 
fince it was from thofe of the third clafs alone, that the 

4 Q 2 rate 
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rate as well as maximum of expanfion was afcertained : 
wherefore thofe of the two preceding claffes need only 
be mentioned in a general way. 

The firft fet of the firft clafs comprehended fuch as 
were made with one barometer in a cold room, or in the 
open air, and the other in a room on the fame level with 
the former, where there was conftantly a fire, which was 
occafionally increafed, in order to augment the difference 
of temperature. When the heated barometer had re- 
mained feveral hours in an angle of the room, the dif- 
ference of temperature of its quicklilver above that of 
the colcfeft, as indicated by their refpeitive attached ther* 
mometers, rarely exceeded 10 or 12 , which, from a 
mean of many obfervations, gave an expanfion of .0333 
decimals of an inch, for the 1 o° comprehended between 
3a and 42°of Fahrenheit's thermometer. So far the re- 
fult arifing in this way, from fmall differences of tem- 
perature, will be found to agree with the third clafs of 
experiments. 

But when, in the fecond fet of this firft clafs, the dif- 
ference of temperature was augmented to 20 or 30% by 
expofing the barometer within doors to a greater heat, 
or placing the fuperior one on the leads, whereby it re- 
ceived the diredt and reflected rays of the Sun through- 
out the greateft part of the day, while the other was kept 

in 
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in the cold area underneath, the rate of expanfion for 
the firft io° exceeded that formerly found nearly in 
the proportion of three to two* while that for the fecond 
and third terms, of i o° each, diminiftied progreflively. 

The chief, though not the only caufe of this great 
difference, as will appear hereafter, arofe from the pofi- 
tion of the ball of the thermometer, originally inclofed 
within the wood-work of the frame, which prevented it 
from receiving the heat fa readily as the quickfilver in 
the tube; at the fame time that it retained it longer, and 
confequently produced refults in fome degree fallacious. 

Finding, from the firft clafs of experiments, that much 
oincertainty remained with regard to the rate of expan- 
fion of quickfilver affedled by thefe fmaller degrees of 
heat, and that it was utterly impoffible, from them,ta 
determine its maximum for the 180 between freezing 
and boiling ; I refolved to try, how much a column of 30 
inches of quickfilver, carefully boiled in a tube,, would 
lengthen, the fame being placed with the open end up- 
wards in a tin veflel, occasionally filled with pounded ice 
and water, and afterwards brought to boil, by means of a. 
charcoal fire placed underneath ? In this fecond clafs, it 
was eafy to fee, that the expanfion of the tube containing^ 
the quickfilver, was neceffarily to be taken into the ac- 
count^ and added to that apparently found by expen- 
ds menu. 
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ment. This Was of courfe to be done, either by fuch dif- 
ferences as I could difcern and meafure, or by thofe that 
hadrefulted from the experience of others. 

V * 

The nature of the apparatus, employed in this clafs of 
experiments, wilt be eafily underftood from plate XVII. 
whereit is reprefented, as it was ufed in thofe of the third 
clafs. In its firft ftate it was npt quite fo long, and a 
chafing-difh with a charcoal fire, occupied the place of 
the ciftern holding the quickfilver below. By means of 
a circular bit of tin, fcldered edgeways in the center of 
the bottom, and an aperture in the middle of the lid, the 
tube was kept fteadily in the axis of the vefiel. Other open- 
ings in the lid, ferved for the admiffion of the thermo- 
meter, and the application of a deal rod clofe to the fide 
•of the tube, when its height was to be meafured. The 
longitudinal expanfion of the glafs was marked by a 
fcratch thereon with a fine edged file at the top of the 
♦deal rod, when refpe&ively at the temperatures of freez- 
ing and boiling. The apparent dilatation of the quick- 
filver was in like manner marked, by the coincidence of 
its furface with the lower edge of a brafs ring embracing 
the tube. 

It having been found impoffible to procure tubes 
whofe bores were truly cylindrical, or of any uniform 
figure, the experiment was repeated, as often as pollible, 

in 
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in boifo^ads of the fame tube, that the mean might be 
tafcen. But it frequently happened that the tube, which 
had undergo^ one or more experiments in one end, 
broke before any could be made with it in the other* . In 
this cafe, the rate of expanfion in the laft end was* taken 
from that given by fuch another tube, where it had fuc- 
ceeded in both. The mean of five refults.with the beft 
tubes, taken in this way, gave .4901 for the apparent 
expanfion of 30 inches of quickfilver, on 1 8o° of Fah- 
renheit* between freezing and boiling, which being 
augmented by the apparent longitudinal dilatation of the 
gjafe *0356h3=:.io68, the real expanfion is .59^69; ex- 
ceeding Mr. de luc's by more than ^ths of an inch* If, 
however, Mr. smiaton's dilatation of glafs, (.025 x 3 = 
♦075) be fubftituted, inftead of that refulting from thefe 
experiments, the real expanfion of 30 inches of quick- 
fiiver will be .5651, which does not exceed it quite ■■■ r ^ 
puts of an inch. 

In this clafs of experiments, having attended, as dili- 
gently as poffible to all the circumftances, it feemed to 
me* that tubes with a fmall bore, and whofe glafs was 
thick, lengthened more than thofe, which had a larger 
bore and whofe gia& was thin: whence I was led to 
fuppofe, that folid glafs rods would dilate more in pro- 
portion, and confequently, fhew a ftill more perceptible 

difference* 
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difference. With the view of afcertaining this point, I 
procured four glafs rods near three feet long each, and of 
different diameters, the largeft being of the fize of the 

little finger, and the fmalleft about the thicknefs of a 

« 

quill. One end of each, was fomewhat larger than the 
other, and was made perfectly fmooth, as that on which 
ftiey were to reft when feverally meafured with the deal 
rod. Xhey were then all placed in the tin veffel, in fuch 
a manner, as to admit pounded ice rammed very clofe 
around them, and the interftices to be filled with water. 
Having remained in that ftate a full half hour, they were 
feverally meafured with the deal rod, whofe length of 
3 2 - inches was fcratched on each with the ftiarp edge of 
the file. This being done, the ice thrown out, and the 
veffel carefully wafhed, all the rods were replaced in it, 
immerfed in water, which afterwards was brought to boil. 
The fire being kept up, and the ebullition rendered as vio- 
lent as poflible forlialf an hour, the glafs rods were then 
feverally meafured, hy applying them one after another 
to the deal rod, ftanding with them in the boiling water. 
The experiment was repeated three times, on as many dif- 
ferent days, without its being poflible to difcern, that any 
of the glafs rods had dilated more than that of deal, from 
a difference of temperature of 1 8o°. In all of them, the 
ireezing mark feemed accurately to coincidewith the top 

of 
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of the deal rod ; whereas the dilatation of the tubes, by 
the fame degree of heat, was always very vilible^. 

Finding from the fecond clafs of experiments, whereof 
the general refult hath now been given, that glafs rods 
feemed not to lengthen more than deal; and that tubes 
of different bores, and probably too of different forts of 
glafs, were fufceptible of different degrees of extenfion, 
which rendered it impoflible, by this means, to afcertain 
the longitudinal expanfion of the quickfilver they con- 
tained ; I thought it neceffary to recur once more to the 
barometer, and to try whether it could not be fo con- 
trived as to a6t in water of different temperatures, from 
freezing to boiling. This led me to the experiments of 
the third clafs : and in order to comprehend them tho- 
roughly, it feems neceffary to point out fome few altera* 
tions which the apparatus underwent* 

The center of the bottom being pierced on purpofe, a 
brafs focket was prepared for it, wherein a hole was bored 
qonically, to receive the ground-end of a barometer tube, 
of the ordinary length of 3 3! inches ; the tube having 
been firft ground in a feparate piece of brafs, and Ulri- 
ca j Since thefe experiments were made, the relative expanfion of 18 inches 
©F one of the tubes and one of the rods that had been formerly employed, was 
found to be, by Mr. cumming's pyrometer, nearly as 4 to 1, from a heat 
approaching to that of boiling oil. 

Vol. LXVIL 4 R mately 
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mately in the focket itfelf, fitted it fo exactly, as to fufFer 
no water to pafs. The focket being inferted into the 
aperture at the bottom of the veffel, was firmly foldered 
to it for the reception of the tube, which was fo ground 
as to reach a full inch and a half below the furface. of 
the brafs. It could not defcend farther, the ground parts 
in both being of the figure of the fruftum of an inverted 
cone. From, the view in the plate it will appear, that un- 
derneath the vefifel, a feparate ftand was placed, in order 
to fupport the iron ciftern containing the quickfilver. 
The diameter of the ciftern was fuch, that its ftand being 
occafionally moved, fo as to bring one fide of it clofe to 
the ground part of the tube,, the other fide projected be- 
yond the bottom of the vefiel; and confequently per- 
mitted the rod of a float, refting on the furface of the 
quickfilver, to rife freely and parallel to the axis of the 
tube. The rod was of deal, T ~th of an inch fquare, car- 
rying on its top a fcale, whofe zero lay in the lower fur- 
face of the float, and whereof the fix uppermoft inches, 
from 28 to 34, were divided into aoths. 

That the whole column of quickfilver might alter- 
nately be covered with the freezing mixture and water 
of different temperatures, and yet permit its furface to 
be feen, two eyes of plate glafs were fcrewed into fockets, 
foldered for that purpofe oppofite to each other, near the 

top 
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top of the veflel, which, in the firft fet of the third clafs 
of experiments, was little more than 29 inches high. 
The top of the tube palling through the aperture in the 
lid, one and a half or two inches of the vacuum gene- 
rally rofe above the veflel. That the expanfion of the 
column might be meafured as nearly as poffible in that 
part of the tube fronting the center of the eyes, more or 
lefs quickfilver, according to the ftate of the atmofphere, 
was occafionally put into the ciftern, to raife or deprefs 
the furface of the column to the proper height. A thin 
brafs ring, whofe lower parts were made to fpring, em- 
braced with fufficient force the upper part of the tube, 
permitting it at the fame time to be moved freely with 
the hand. It carried along with it a nonius index, pro- 
jecting as far as the center of the rod, and confequently 
applying itfelf to the divifions of the fcale, which was 
kept in its proper pofition by palling through a flit fitted 
for it in an arm attached to the did. The divifions on the 
nonius being the fame with thofe of the barometer for- 
merly defcribed, the height of the quickfilver could 
always be read off to ~th part of an inch. 

The quickfilver having been carefully boiled, as on 
former occafions, in the tube ; and that being filled com- 
pletely, and held with its open end upwards; the tin 
veflel was inverted over it, and lowered gradually, till the 

4 R 2 ground 
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ground end could be inferted into the focket with fuch a 
degree of force as to prevent it from being too eafily re-* 
moved. The finger being then applied clofely to the 
open end of the tube, the whole apparatus was turned 
up, and placed over the ciftern into which the quickfilver 
had previouily been put, great care being taken not to 
remove the finger till the lower extremity of the tube 
was fairly immerfed into the quickfilver; when that in 
the tube was permitted to defcend into an equilibrium 
with the atmofphere* In the firft experiment it was 
found that the water ifliied by the eyes, and running 
down the fide of the veflel, fell into the ciftern. In order 
to remedy this inconveniency, a circular piece of tin was 
foldered round the upper part of it, immediately below the 
eyes ; and a flat fpout, proje&ing from it, ferved as a gut* 
ter to throw off the water from the ciftern, and from the 
lamps made ufe of to bring that in the veflel to boil. Six 
lamps, each with a double light, were fufpended around 
the trunk of the veflel, to heat the water as equally as 
poflible ; though any irregularity of this kind was fuffir 
ciently guarded againft,by conftantly mixing it during the 
operation. Another lamp of the fame kind flood under 
the cifterri, whereby the quickfilver there was kept at 
the temperature of the water in the veflel, each having 
its proper thermometer: this laft lamp was placed 

and 
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and difplaced frequently, during the courfe of every ex- 
periment; for the heat was very expeditioufly commu- 
nicated to the iron ciftern, and thence to the quickfilver 
it contained ; and both were found to cool very fall, after 
the lamp was removed. Such was the ftate of the appa- 
ratus, when the firftfet of this third clafs of experiments 
was made. In thofe of the fecond fet, it$ height was far- 
ther augmented by tin foldered to the top, that a tube of 
the ordinary length might be wholly immerfed in boil- 
ing water. The third and laft alteration confifted in the 
oceafional application of a detached tin cafe, equal in 
diameter to the upper part of the veflel, having a hole in 
its bottom to admit the top of a Jong tube to pafs. This 
cafe was fo contrived, that its bottom, ftood two inches 
and a half higher than the lid of the veflel, thereby al- 
lowing room, for the hand to move the index up or 
down. In this ftate the apparatus is reprefented in the 
view ; and, its various ufes will be beft underftood from 
the account of the experiments, which were fubdivided 
into four lets. 

Thofe of the firft fet were made with tubes of a large 
bore, upwards of three-tenths of an inch in diameter, of 
the ordinary length, with a vacuum over the quickfilver 
of two inches and a half or three inches, part of which 
reached above the top of the veflel. The mean of three 

expert 
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experiments gave .5258, for the total dilatation of 30 
inches of quickfilver, on 1 8 o° between freezing and boil- 
ing; that, anfwering to the firtt 20 , between 32 and 
52% was .0688; that, for the 20°inthe middle of the 
fcale, between 1 1 2 ° and 1 3 2 °, was .058; and the rate for 
the laft 20°, between 192 and 212% was only .041. 
From this firft fet of the third clafs of experiments, it ap- 
peared evident, that the expanfion of 30 inches of quick- 
filver in the barometer, fuffering a heat equal to 180 of 
Fahrenheit, inftead of exceeding Mr. de lug's, as ap- 
peared to be the cafe from the refults of the open tube, 
really fell ihort of it : and inftead of being arithmetical or 
uniformly the fame, for equal changes-ef temperature, was 
actually progreffive; the expanfion anfwering to the lower 
part of the fcale, being greater than that corresponding to 
the middle; which again exceeded that for high tempe- 
ratures. In thefe experiments, when the water had ac- 
cjuiredaheat 20or 30 degrees greater than that of the open 
air, a certain dnftinefs was perceived in the vacuum of 
the tube. At too of Fahrenheit, or thereabout, this 
appearance had fo far increafed, as to fliew clearly, that 
it could proceed from no other caufe than a vapour ari- 
fing from the furface of the heated quickfilver, quite in- 
vifible, till, by its condenfation in the cold part of the 
tube, it was formed into balls, every where adhering to 

its 
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its fides and fummit. Thefe globules were very fmall 
near the furface of the water, augmenting gradually as 
they approached the top of the tube, where they were 
greatefl: : their bulk increafed with the heat ; and when 
the water was at or near boiling, they would ibmetimes 
unite, and defcend by their own gravity, along the fidea of 
the tube, into the general mafs. Hence the progreflive di- 
minution of the rate of expanfion of the column of quick- 
filver in the barometer, perceptible even in the firft clafs 
of experiments, is eafily accounted for by the refiftance 
of the elaftic vapour^, ailing againft the top of the tube r 
which was here colder than the reft. 

But in the application of the barometer to the mea- 
furement of heights, the whole instrument is of the fame 
temperature; wherefore, in the fecond fet of this third 
clafs of experiments, the tin veflel was heightened, that 
tubes of the ordinary length, placed in it, might be wholly 
immerfed in boiling water. The mean of four experi- 
ments, which agreed very nearly among themfelves, 
gave .5117 for the total expanfion between freezing and 
boiling; for the 20 °, between ii2°and i32°.059; and 
for the laft 20 , between 192 and 21 2°.o46. In thefe 

(c) Having mentioned the circumftanccs to Mr. ramsden, it firft occurred 
to him, that the refiftance of the elaftic vapour was the caufe of the diminu- 
tion in the rate of expanfion. 

expert 
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experiments^ the tube being wholly covered with boiling 
water, no condenfation of vapour took place in the va- 
cuum; and therefore no particles of quickfilver were feen 
adhering to the upper part of the tube. When the wa- 
ter boiled, the refiftance of the vapour was greater than 
in the preceding ibt, and the total expanfion lefs. Thefe 
two refults ferve ftrongly to confirm each other: it is, 
however, the laft that furnifhes the data for conftrudting 
the table of equation depending upon the heat of the 
quickfilver in the barometer, of which table we ihall 
give an account hereafter. 

Finding, from the comparifon of thefe two fets of ex- 
periments with each other, that the maximum and rate 
of expanfion feemed to vary with the length of the va- 
cuum above the quickfilver, I was advifed to try^ ; what 
might be the refult, when the vacuum was much longer 
than in the common barometer. 

The third fet of experiments of this clafs was there- 
fore made with a tube fomewhat narrower in the bore 
than the former, and whofe vacuum was 1 4- inches in 
length, whereof 11^ reached above the top of the vefleL 
The mean of three obfervations gave .5443 for the total 
expanfion on 1 8o° ; that for the firft io° was .067 ; for 

(d) Dr. blagden, who afterwards affifted in fome of thq firft experiment* 
with the manometer, propofed that with the long tube. 

the 



meafuring Heights with the Barometer. 673 
the 20 in the middle of the fcale .058 ; and for the up- 
permoft 20°.o65 : whence the mean rate for every 20% 
is nearly ,0605 fel . In this fet, the condenfation in the va- 
cuum of the tube was particularly attended to : it began, 
as in thofe of the firft fet, immediately above the furface 
of the boiling water, which was always kept an inch or 
two above the top of the column : the lowermoft glo- 
bules were very fmall, increafing gradually till they got 
without the lid of the veffel, where they were the largcft; 
thence they diminiflied uniformly upwards, and difap- 
peared entirely three or four inches below the top of the 
tube. Though the rate for the middiemoft 20°, in thefe 
laft experiments, be below the mean, probably from fome 
inaccuracy in obfervation ; yet, being compared with the 
former fets, they ftill ferve to corroborate each other: for 
in thefe with the long tube, the vacuum feems to have 
been either completely maintained, or nearly fb; and we 
accordingly find the maximum of expanfion increafed, 
and its rate rendered nearly uniform, as will be farther 
confirmed from what follows. 

(e) Mr. cavendish, who aflifled in the firft part of the experiments with 
the open tube, informed me, that, in thofe made by his father Lord ciiaries, 
the difference between the expanfion of quickiilvcr and glafs, from i8o° of heat, 
was .469. If to this we add Mr. smeaton's dilatation of glafs, the total 
expanfion of 30 inches of quickfilver will be .544, which agrees with the 
experiments in the long tube, and gives a rate of only .003cm for each degree. 

Vol. LX VII. 4S I have 
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I have already had occafion to mention that a detached 
tin cafe was fometimes applied above the vefTel, in which 
Hate it is reprefented in the view. This method was 
thought of during the operations with the long tube, in 
order to try whether the vacuum was completely main- 
tained by the temperature of the open air? For this pur- 
pofe the cafe was placed on the ftones of the yard, with 
a fmall tube inferted in it, to preferve an open paffage in 
the middle : it was then rammed full of a compofition 
of fait and ice ; and afterwards fixed on the top of the 
long tube. The degree of cold thus applied round the 
greateft part of the vacuum, muft have been very great, 
probably near the zero of Fahrenheit; yet it produced 
no vifible alteration in the height of the column of 
quickfilver, which ffcill remained in boiling water below, 
and fhould have rifen, if the vacuum had been formerly 
incompleat. As it would have occasioned much trouble 
to have lengthened the feveral parts of the apparatus fo 
as to have kept the long tube wholly in boiling water, 
the counterpart of this laft experiment was not made in 
the accurate manner it ought: neverthelefs, the tin cafe, 
being emptied of its cold compofition, was placed on 
the tube as before,, and filled with boiling water; which, 
joining with the intermediate fleam arifing from that in 
the veffel below, muft: have kept the whole nearly in the 

fame 
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fame temperature. The confequence of this application 
was,, that the column fhortened about rlo^s of an inch; 
which feems to prove, that the quickfilver vapour now 
reached the fummit of the tube, and, a£ting againft it, 
overcame, by fo much, the preflure of the atmofphere. 

Ifhould now proceed to give fome account of the fourth 
fet of this laft clafs of experiments, made on the con- 
denfation of the quickfilver, by means of artificial cold^ 
below the temperature of the air. Previoufly however 
to this, it may not be improper to take notice, in a more 
general way, of fome others that were made on expan- 
fion; as tending, with certain circumftances yet to be 
mentioned, not only to confirm thofe already defcribed, 
but likewife to account for many irregularities that occur 
in operating with barometers. 

In the courfe of the preceding experiments, from ac- 
cidents of various kinds, it was often neceflary to reboil 
the quickfilver; and in that operation, many tubes were 
broken. The frequent removal of the focket from the 
bottom of the veffel, in order to get others ground for it, 
became at laft very troublefome ; and made more caution 
neceffary, in boiling fuch as were ground, especially in 
frofty weather, which happened to be the cafe in the laft 
days of March, 1775: wherefore it was thought beft in the 
interim to try, what might be the expanfion of a column 

4 S 2 of 
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of quickfilver, carefully put into the tube, but not boiled 
therein? 

With this view, the ftandard barometer and apparatus 
were left out during the night of the 29th, that they 
might acquire the fame temperature, which was found 
next morning to be 34°j; the unboiled quickfilver {land- 
ing —-th of an inch higher than that which had been 
boiled. The lamps being applied to the velfel, the 
lengthening of the unboiled column was perceived^ on 
the whole, to be more irregular, and the progreffive di- 
minution quicker, than in former experiments ; fo as to 
give, for the maximum of expanfion, only .443 for 1 8o°. 

On the morning of the 31ft, the unboiled column, 
which on the preceding day had been the higheft, was 
lower than the other by near^ths of an inch, the tempe- 
rature of both being^ S T °h ^ s the water acquired heat 
from the application of the lamps, the rate of expanfion 
diminiflied ;• and, at boiling, was only .405 for 1 8o°* The 
operation of the 30th feems to point out, in a manner 
fufficiently conckrfive* that the air contained in the un- 
boiled quickfilver, rendered its fpecific gravity lefs, than 
that which had been boiled even a great while before; 
fince it required a longer column of the firft, to counter- 
balance the weight of the atmofphere. And though the 
vacua might poflibly, at the beginning, have been equally 
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compleat in both; yet they could not continue long fo: 
for the air efcaping gradually from the unboiled quick- 
filver, its elafticity increafing with the heat, and uniting 
with the quickfilver vapour, rnuft have refilled the dila** 
tation of the column, and rendered it lefs than on for- 
mer occafions; which actually appeared from experi- 
ment. This is farther confirmed by the obfervations of the 
fubfequent day'; for now the unboiled column was be*- 
come the fhorteft, owing no. doubt to more air having 
afcended, and rendered the vacuum ftill more income 
pleat. Thus, the caufes of refiftance increafing, the di- 
latation is leflened in a fuperior degree. 

The other circumftances to be mentioned, occurredon 
the 1 ath of April. After finishing one of the experiments 
of the fecond clafs, and when the water had cooled to 1 9 2. , 
the veflel* by accident, received a fudden jolt, whereby 
the mouth of the tube muft have been raifed, for a mo- 
ment,, out of the quickfilver in. the ciftern. In a few mi- 
nutes after this, intending to obferve how far the column 
had fhortened from the decreafing heat,, I was furprized 
to find, that the quickfilver had wholly difappeared in 
the tube, and was funk foJow as not to be feen by looking 
obliquely down at the eye of the veflel. It was then cer- 
tain that air, and probably a. particle of moifture along 
with it, had afcended into the upper part of the tube, 

whereby 
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Whereby the vaettum was deftroyed in fo remarkable a 
degree. Siftce this accident made it neceflary to reboil 
the qiiicfcfllver, the water (then between 1 8o° and 1 90°) 
%as Jet out by the cock fixfcd for that purpofe at the 
bottom of the veflel; but befqre it could be intirely 
"drawn* ofl^ the 1 tube and its contents, had fo fenfibly felt 
the condenfing force of the furrounding atmofphere, 
then about 48 , that the quickfilver had rifen again, and 
prefented itfelf oppofite to the eye of the veflel, Some- 
thing lower indeed than where it formerly flood. On 
this difcovery, and as fobn as water could be boiled for 
the purpofe, the veflel was filled again, when jthe quick- 
filver fubfided, as before, quite but of fight ; and on draw- 
ing off the water a fecond time, it rofe anew, feemingly to 
its former height. 

The appearance, which this accidental circumftance 
produced, was fuch, as naturally fuggefted that farther 
experiments might have been made, varied as much as 
poffible from each other, by the admiffion of different 
quantities of air, or of air and moifture intermixed. But 
the nature of the veflel rendering it impoflible to fee, 
and consequently to meafure, the motion of the quick- 
filver, occafioned by the alternate expanfion and conden- 
sation of the elaftic vapour contained in the upper part 
of the tube, and which could not have been accom- 

plifhed 



meafuring Heights with the Barometer. 67 9 
pliftied without many troublefome alterations in the ap- 
paratus, therefore nothing of the kind was attempted. 
From the circumftances juft now mentioned, it will be 
readily conceived, how much care is neceffary in ope- 
rating with barometers for the meafurement of heights, 
that the vacua be as nearly as poffible compleat ; and par- 
ticularly, that no moifture get up into the tube. I now 
proceed to the fourth and laft fet of experiments. 

Having found, from the two firfl: fets of this clafs, the 
rate of expanfion of a column of quickiilver, in the tube 
of a barometer of the ordinary length, to be progreffive 
and not arithmetical; and that its maximum, for the 1 8o° 
comprehended between feeezing and boiling, was lefs 
than had been fuppofed ; I thought it proper to try, by 
means of artificial cold> whether the condenfation, for the 
3 2 below freezing, followed nearly the fame law ? 

For this purpofe the tin veffel, containing the ground 
tube, was rammed quite full of pounded ice and fait, as 
well as the tin ftand holding the iron ciftern below. In 
this operation,.twelve pounds of ice and four pounds of 
fait were employed,, whereby the mean temperature of 
the mixture was reduced to + 4 of Fahrenheit. But be- 
fore the eyes of the veffel could be fufficiently freed 
from the compofition, fo as to permit the furface of the 
column to be diftin£tly feen and read off; it had rifen to 

5 +14° 
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f 14^ the temperature of the air, and alfo of the ftandard 
barometer, being at the fame moment 49°^ The ob- 
ferved condenfation, arifing from this difference of 35°!, 
was t^ths of an inch; or .1189, when reduced for the 
height of the barometer, which then flood at 30.296. 
Hence the condenfation for 3 2 is .1072, or .00335 f° r 
each degree. In this day's experiment, when the tempe- 
rature of the mixture had rifen to 32% that of the air 
and ftandard barometer was 52°-; whence the reduced 
difference, for the 2 o° between 32 and 52 , was found 
to be .0664, anfwerable to former experiments. 

The fame experiment was repeated two days after, 
with greiat care, the veffel being filled no higher than the 
furface of the quickfilver. The mean temperature of the 
mixture was now + 4 , and that of the ftandard barome- 
ter 49°^. The obferved condenfation, arifing from this 
-difference of 45°^ was J^; or .1 594, when reduced for 
the height of the barometer, then {landing at 30,416 : 
hence the rate for 32 is .1127, or .003,522 for each 
degree* When the temperature of the mixture had 
fiffcn to 3 2 , that of the air was 5 1°: whence the aug- 
mented rate for the 20% between 32 and 5 2 , was found 
to be .0662. 

From the mean of thefe two experiments it appears, 
that the eondenfation of a column of 30 inches of 

quickfilver 
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quickfilver in the barometer, affe£ted by the 3 2° of cold 
below freezing, is .1099 : and that the expanfion from 
20 of heat, between 32 and 52% is .0663, a number 
agreeing perfectly well with former refults. If the con- 
denfation .1099 thus found, be added to theexpanfion, 
.5 1 1 7 arifing from the fecoiid clafs of experiments, we 
fhall have .6 2 1 6 for the total difference of height of the 
columns of quickfilver in two barometers, fuftaining the 
fame preflure, but differing from each other in their tem- 
peratures 21 2 of Fahrenheit's thermometer. 

The feries of numbers exprefled in the annexed table, 
agreeing in all eflential refpe&s with the expanfions 
found by experiment, will therefore ihew that which 
correfponds to any intermediate temperature, for every 
1 o° of the fcale. 
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Conjlru&ion and application of the table of equation^ for 
the etipanjihn of the- quick/liver in the tubes of baro- 
meters. 

In the introdu&ion to this paper there was occafion to 
remark, that in the application of the barometer to the 
measurement of heights, various modes of calculation 
had been adopted* The eafieft and beft method feems 
however to be, by means of the tables of common loga- 
rithms, which were firft thought of by Mr. mariotte, 
and afterwards applied by Dr. h alley, Mr. bouguer, 
Mr. de luc, and others. They have all proceeded on 
the fuppofition, that air is a truly homogeneous and elaf- 
tic fluid, whofe condenfations being proportionable to 
the weights with which it is loaded, its dilatations are in 
the inverfe of the weights; and in confequence of this 
law, that the heights of the atmofphere afcended, are in 
geometrical progreflion, while the correfponding fuc- 
ceffive defcents of the quickfilver in the tube of the 
barometer* are in arithmetical progreflion. 

Mr. de luc makes ufe of an arithmetical or uniform 
equation for the heat of the quickfilver in his barome- 
ters, whereby their relative heights are reduced to what 
they would have been in the fixed temperature of 54°- 

4T2 of 
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of Fahrenheit. In the formulae adapting his rule tor 
EnglMh meafures (Phil. Tranfl vol. L XVII. N* xx. and 
xxx.) hath been fhewn, that the eafieltand limpleft me- 
thod is, to make the difference of temperature of the two 
barometers the argument for the equation; and that it is 
fiifficient to reduce either column to what would have 
Been its height in the temperature of the other. Butt 
whatever may heretofore 1 have been the method of ufing 
the equation for the heat of the qukkfilver, while it was 
confidered as arithmetical? now that it hath been fliewn, 
from the preceding experiments^ to be progreffive, there 
feems at leaft to be propriety In applying to each baro* 
meter the equation anfwering t<y its particular tempera- 
ture. And though, for this* purpofe, any fixed tempera- 
ture might have been aflumed at pleafere, as? that ta 
which both 4 barometers were to Be reduced ; yet> the 
freezing point being fundamental in all thermometers r 
and that being likewife the zero of the fcalfe for the equa- 
tion depending on the heat of the air, as will be {hewn 
hereafter, it hath been preferred to any other. 

From the experiments it appears, that a column of 
quickfilver of the temperature of 3 2°, fuftained^ by the 
weight of the atmosphere, to the height of 30 inches in 
the barometer, when gradually affe&ed by different de- 
grees of heat, fuffers a progreflive expansion ; and that, 

having 
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having acquired the heat of boiling water, it is lengthened 

75OT5 P arts °^ an i* 10 * 1 : *^°> that t ^e fame column, fuffering 
a condenfation by 32 of cold, extending to the zero of 
Fahrenheit, is ihortened t§£§5 parts, the weight of the 
atmofphere remaining in both cafes unaltered; but that, 
in the application of the barometer to the measurement of 
altitudes, fince the preffure and length of the column 
change with every alteration ofi vertical height, the 
equation, depending on the difference of temperature of 
the quickfilver, will neceffarily augment or diminilh by 
a proportionable part of the whole. Thus, if the weight 
of the atmofphere fhould at any time be fo great as to 
fuftain 31 inches of quickfilver, the equation for dif- 
ference of temperature will be juft -—th part more than 
that for 30 inches; at 25 inches it will be|ths; at 20 
inches |ds; at 15 inches-; and at ia inches only ~d of 
that deduced from experiment. 

It is upon thefe principles that the annexed table of 
equation hath been conftru&ed, for differences of tem- 
perature extending to 1 2 p of the thermometer, and for 
heights of the barometer from 15 to 31 inches ; beyond 
which limits, it is not probable, that many barometrical 
obfervations will be made. The firft or left-hand co- 
lumn, fhews the height of the barometer for every half 
inch, from 31 to 25; thence for every inch downwards 

to 
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to 20; the 15th inch being half of the obferved expan- 
fion. The five next columns towards thg right, compre- 
hend the additive equation for eondenfations, aniwering 
to 0% 1 2V and m°> With their kttei^n€diate deferences ; 
thofe that are pifrgreflTve* as arifing from difference of 
temperature, being ranged horizontally; and thofe that 
are arithmetical, as depending on the height of the ba- 
rometer, bdng placed vertically. The temperature of 
32 p requires no equation, and the thirteen columns from 
thence towards the right hand, contain the fubtra£tive 
equations for exp&ifiori, correfponding to every 1 o° as 
far as 102% with their progreflive and arithmetical dif- 
ferences ranged as before. By means of thefe differences* 
the equation for intermediate temperatures may readity 
be taken out by infpe&ion. Hence is deduced the firft 
part of the rule for meafuring heights by the barometer. 
When the temperature of the quickfilver is below 3 2 of 
Fahrenheit, add the correfponding equation for con- 
denfation to the obferved heights of the columns refpec- 
tively ; when above 32 , fubtraft the equation for expan- 
fion from the obferved heights of the columns refpee- 
tively ; with which equated heights of quickfilver, ex- 
prefled in 1000th parts of an inch) the tables of loga- 
rithms are to be entered. 

Table 
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Table, Shewing the equation to be applied to the obferved height of quicknlv 
temperature extending to 102 of Fahrenheit: whereby the column is redu 
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ickiilver in the barometer, from 15 to 31 inches; and for differences of 
s reduced to the height it would have flood at in the temperature of 32 . 
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SECT I O N It. 

Experiments an the expanjon of air in the Manometer* 

WITH refpe& to order of time,, the manometrical 
experiments were made fubfequently to the chief part of 
the barometrical obfervations, from which alpne an ap- 
proximate rule had preykmfly been deduced for die mea- 
furement of heights : neverthelefs^in this paper it feemed 
to me beft, that what related to the jexpanfian of air in 
one inftrument, fhould immediately fucceedthe expan~ 
fion of quiokfilver in the other . 

The thermometer made ufe of in thefe experiments 
is above four feet long. Its fcale extends ftom - 4 to 
+ M4' of Fahrenheit, each degree being more than 
•£>ths of an inch : when the barometer Hood at 30 inches, 
its boiling point was fixed in the tin veffel formerly de- 
fcribed. Mr. ramsden's thermometers generally rife in 
the fame veffel 21 3°-; and the long thermometer, being 
placed in the veffel he makes ufe of to fix hk boiling 
points, rif^s only to a ro°. 

The manometers were of various lengths, from four 

to upwards of eight feet: they confifted of ftraight tubes, 

5 whofe 
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whofe bores were commonly from ~yth to ~th of an 
inch in diameter. The capacity of the tube was care- 
fully meafured, by making a column of quickfilver, about 
three or four inches in lengthy move along it from one 
end to the other. Thefe fpaces were feverally marked, 
with a fine edged file, on the tubes ; and transferred from 
them to long flips of pafte-board, for the fubfequent 
conftru&ion of the fcales refpe&ively belonging to each. 
The bulb, attached to one end of the manometer at the 
glafs houfe, was of the form of a pear, whofe point being 
occafionally opened, dry or moift air could be readily ad- 
mitted, and the bulb fealed again, without any fenfible 
alteration in its capacity. 

The air was confined by means of a column of quick- 
filver, long or fhort, and with the bulb downwards or 
upwards, according to the nature of the propofed expe- 
riment. Here it muft be obferved that, from the adhe- 
fion of the quickfilver to the tube, the inftrument will 
not a£l truly, except it be in a vertical pofition; and even 
then, it is neceffary to give it a fmall degree of motion, 
to bring the quickfilver into its true place ; where it will 
remain in equilibrio, between the exterior preflure of 
the atmofphere on one fide, and the interior elaftic force 
of the confined air on the other. 

All 
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All the experiments were made when the barometer 
was at, or near, 30 inches. When the bulb was down- 
wards, the height of the barometer at the time of obfer- 
vation, augmented, and when up\Vards, diminilhed by 
the number of inches of quickfilver in the tube of the 
manometer, exprefled the denfity of the confined air. 

Pounded ice and water were ufed to fix a freezing 
point on the tube; and by means of fait and ice, the air 
was farther conderifed, generally four, and fometimes 
five or fix degrees below zero. The thermometer and 
manometer were then placed in the tin veflel, among 
water which was brought into violent ebullition ; where 
having remained a fufficient time, and motion being 
given to the manometer, a boiling point was marked 
thereon. After this the fire was removed, and the gra- 
dual defcents of the piece of quickfilver, correfponding 
to every 20 degrees of change of temperature in the ther- 
mometer, were fucceflively marked on a deal rod ap- 
plied to the manometer. It is to be obferved, that both 
inftruments, while in the water, were in circumftances 
perfectly fimilar; that is to fay, the ball and bulb were 
at the bottom of the veflel. 

In order to be certain that no air had efcaped by the 
fide of the quickfilver during the operation, the mano- 
meter was frequently placed a fecond time in melting 
Vol. LX VII. 4U ice. 
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ice. If the barometer had not altered between the be- 
ginning and end of the experiment, the quickfilver al- 
ways became ftationary at or near the firft mark. If any 
fudden change had taken place in the weight of the at- 
mofphere during that interval, the fame was noted, and 
allowance made for it in afterwards proportioning the 
lpaces^ 

Long tubes, with bores truly cylindrical or of any 
uniform figure, are fcarcely ever met with. Such how-* 
ever as were ufed in thefe experiments, generally tapered 
in a pretty regular manner from one end to the other* 
When the bulb was downwards, and the tube narrowed 
that way, the column of quickfilver confining the air 
lengthened in the lower half of the fcale, and aug- 
mented the preffure above the mean* In the upper half,, 
the column being fliortened, the preffure was diminilhed 
below the mean. In this cafe, the obferved fpaces both 
ways from the center, were diminished in the inverfe 
ratio of the heights of the barometer at each fpace, com- 
pared with its mean height. If the bore widened to- 
wards the bulb when downwards, the obferved fpaces* 
each way from the center, were augmented in the fame, 
inverfe ratio; but in the experiments on air lefs denfe 
than the atmofphere, the bulb being upwards, the fame 
equation was applied with contrary figns; and if any 
6 extra?* 
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extraordinary irregularity took place in the tube, the cor- 
refponcling fpaces were proportioned both ways from 
that point, whether high or low, that anfwered to the 
mean. 

The obferved and equated manometrical fpaces being 
thus laid down on the pafte-board containing the mea- 
fures of the tube; the 2 t 2 of the thermometer, in exa£t 
proportion to the fedtions of the bore, were conftru&ecl 
along-fide of them : hence the coincidences with each 
other were ealily feen ; and the number of thermome- 
trical degrees anfwering to each manometrical fpace, 
readily transferred into a table prepared for thepurpofe. 

* 

I have already had occafion to remark that, from the 
operations of the barometer alone, an approximate rule, 
or mean equation, had been obtained for the meafure- 
ment of heights; but as, among the refults, irregularities 
were now and then met with, doubts naturally arofe, 
whether the equation, inftead of "being confidered as uni- 
form, might not follow an increafing or diminifhing pro- 
greffion? Without an infinite number of obfervations, 
in very different temperatures above and below the zero 
of the fcale, this point could not poffibly be determined 
by the barometer : wherefore the firft and chief thing 
propofed to be difcovered by the manometrical experi- 
ments was, whether common air, occafionally rendered 

4 U 2 more 
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more or lefs denfe, by the addition or fubtradtion of 
weight, expanded equally with quickfilver, when af- 
fe<5ied with the fame degrees of heat ? According to the 
ratio that took place between the expanfion of quickfil- 
ver and air, above and below zero, I intended to regulate 
the barometrical equation already found, without re- 
garding the proportion of the bulb to the bore of the 
manometer ; or in other words, without paying any at- 
tention to the actual expanfion of the air confined in that 
inftrument. 

But after a great number of thefe firft experiments 
had been made, it was judged proper to compute the 
adtual expanfion of 1000 equal parts of air in the ma- 
nometer, from a heat of % i %° ; wherefore, in the laft, the 
accurate capacity of the bulb, with refpeit to the bore, 
was determined; at the fame time that the original mode 
of comparing the thermometrical with the manometrical 
fpaces, was ftill adhered to. 

It is eafy to conceive in experiments of this very de- 
licate nature, part of which, namely thofe on air lefs 
denfe than the atmofphere, were extremely difficult and. 
even laborious, that mathematical exa&nefs was not to be 
looked for; and that, notwithstanding every poffible pre- 
caution was taken, irregularities would occur. Thefe, 
however, were not fo numerous as might have been 
i expected, 
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cxpe&ed, nor any way fo great as to render the tfefearch 
fruitlefs : for a few of that kind being thrown out of the 
total number* the mean of the others, which were very 
confiftent among themfelves, ferved to prove beyond the 
poffibility of doubt, that the expanfions of common air 
did not. keep pace with the dilatations of quickfilver.. 
The manometrical fpace, anfwering to the ao° of the 
thermometer between 5 %? and 73% was always found to, 
be greater than any other 2,0° of the fcale. Here it is to< 
be underftood, that I do not pretend to have afcertained. 
the exa6t point in that fpace where the maximum falls : 
the mean correfponds to the 6 ad degree, and yet I am 
inclined to think that it is fomewhat lower, perhaps it 
may be about the 57th: from this point, the condenfa- 
tions of air downwards, and its expanfions upwards, fol- 
low a diminishing progreflion, compared with the con- 
denfations and dilatations of quickfilver. The mano- 
metrical are equal to the thermometrical fpaces, in two 
points of the fcale; i^amely, at or near the freezing tem- 
perature on one fide, and between the 112 and 13 ad 
degreesof the fcale on the other. At the zero and boil- 
ing point they are lefs than the thermometrical fpaces.. 
Whether this maximum of expanfion of air, compared- 
with that of quickfilver, be owing to moifture, or any 

1 

thing. 
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thing elfe mixed with the former, which is brought into 

* 

its greateft degree of action, about the temperature of 
57° of Fahrenheit, "muft be left to the inveftigations 
of future experimenters : I only relate things as I found 
therii after many repetitions, without being able to dis- 
cover any material difference in the refults, even when 
the air was rendered more or lefs denfe by an addition 
to, or fubtraition from, the weight wherewith it was 
loaded. The thermometrical, compared with the mano- 
metricalfpaceSj will therefore appear as in the following 
table* 



Spaces 
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Spaces of the quickfilver 
thermometer, Fahren- 
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Experiments j for determining the aBual expanfion of com- 
mon air, in the manometer ', affeBed by the heat 0/212°. 

For this ptirpofe it became neceflary to afcertain, in 
every manometer, the exaft proportion between the ca- 
parity of the tube and that of its bulb. This was done, 
by weighing the quickfilver that filled them refpe&ively, 
in a balance that was fenfible to a very fmall fraction of 
a grain. The contents of the bulb, and that part of the 
tube between it and zero*, expreffed in grains, was called 
the air in experiment. The apparent expanfion of that air 
was meafured, by the grains that filled the feveral feitions 
of the tube between zero and the boiling pbint; the fum 
being the total expanfion or increafe of volume, from a 
heat of 212°. The apparent expanfion, thus found, was 
again augmented for the dilatation of the tube, on the 
following principles. 

In the firft part of this paper I have fliewn, that folid 
glafs rods dilate much lefs than barometer tubes. The 
mean between Mr. smeaton's and my experiments, gives 
of an inch for the longitudinal extenfion of every 



1 000 



foot of thefe tubes, by 2 1 2 . From the rate of going of 
a clock, for near a year, whofe pendulum rod is folid 
glafs,its dilatation feems to be one-third part of a fteel rod, 

or 



meafuring Heights with the Barometer. 699 

or -J&~ on a foot, by 2 1 2 . Now, 3s the manometers re- 
ferable folid rods much more than they do barometer 
tubes, it is probable their dilatation, even allowing for the 
greater extenfion of the bulb, would not exceed y^ths of 
an inch on a foot, or T^th part on every two inches. In 
this ratio I have therefore augmented the apparent, to 
obtain the true, capacity of each manometer. The equa- 
tion, amounting to about ^th part of the whole, being 
lefs* than the common error of fuch complicated obfer- 
vations, might in fa£t have been entirely omitted, with- 
out producing any material alteration in the refults. 

Having, in this manner, computed the total increafed 
volume of any number of equal parts of air (according 
to the capacity of the bulb and tube in grains) /and very 
often likewife the partial expanfions for intermediate 
temperatures, expreffed by the contents of the corres- 
ponding fedtions of the tube, I then found the ratio 
anfwering to 1000 equal parts, which, being divided by 
the degrees of difference of temperature, gave the mean 
rate for the whole fcale, or the particular rate for any 
intermediate fe&iorl of it. 

Theexperiments,confidered in this way, are distributed 
into four clafTes, whereof the refults are comprehended 
in the four following tables. The firft fhews the expanlion 
of air, whofe deniity was much greater than that of the 

Vo L.. LXVII. 4 X common 
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common atmcfphere. The fecond, which Is divided into 
two fets, contains thofe on air that fuftained a preffure 
lefs than the atmofphere. In the third clafs, a very fhort 
column of quickfilver being employed to confine the 
air, its denfity differed little from that we commonly 
breathe in : this- clafs is likewife fubdrvided into two fets, 
and it will hereafter be made ufe of to regulate the equa- 
tion depending on the temperature of the air, in the ap- 
plication of the barometer. The fourth and laft clafs of 
experiments, were made on air of the common denfity, 
artificially moiftened by the admiflion, fometimes of 
fteam, and at others of water, into the bulb; it is accord- 
ingly diftinguifhed into two fets. 



table i. Refults of experiments on the expanfion of any 
Whofe mean denfity was equal to a~ atmofpheres. 
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1.94382 
2.07486 
2.09075 



434' °Q 2.04717 f 
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table ii. Refults of experiments on the expanfion of air of the denfity of five-fix 
common atmofphere ; and of others on air that was extremely rare* being only pi 
about one-fifth of an atmofphere; 
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"0.53 
"543 






< 



29-93 1 — 9- 6 3 
Mean, 



Total expan- 
fion of 1000 
equal parts of 
air by aiz°. 




Mean rate' 
for each 
degree. 



^•33705 
2.37896 

2.21849 

2.21259 

2.26038 



Expanfion for intermediate temperatures. 
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Difference of temperature. 



Experiment in a heated room in Philpot lane, February 25, baro- 
meter 30.°o3 — 4.82 =25.2 1 the denfity of the air, •— • 



"In Philpot lane ; tube with afmall bore; barometer 30.03 — 23.2 = 
6.77 the denfity. The air had been heated red-hot in the bulb 
before it was feaied, ~ — _ 

The expanfion for 212% at the mean rate, would be — « 
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5 if 4 8| 100 

62 JOQ 162 
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ron 212 
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In Pulteney ftreet, February 28th; with the fame manometer that 
had been ufed in the fame experiment in Philpot lane, barometer < 
30.08 — 23.2 =6.88 the denfity of the air, — -— 



I 






In Pulteney ftreet, April 19th; tube with a large bore, barometer 
I 9 4 29.8 — 24.08 =15.72 the denfity of the air, which had been heated < 
red-hot in the bulb before it was fealed, — — 
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l^The Expanfion for 21 2° at the mean rate would be, — 

Mean of the three means; denfity 6.46, expanfion for 21 2°, 
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20 


I 5 2 


172 


1 


20 


172 


192 


I 


20 


192 


222 


, 



■WMMMMM 



it 



2< 



2 

2 
2 



mmm>0lm*f 



14.150 

12.264 

7-075 
166.660 

252 t I04 



0.70750 
0.61320 

o-3S375 
1.1S917 
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table xn. Refults of experiments on the expanfion of 
air of the denfity of the common atmoiphere. 



*#v i V'iM*m»«MiwiiPr«q£gvqiq^ 



N e 



■pMMnHHM|HM(«iaw«i 



Firft fet; common 
air. 



2 

3 
4 

5 

6 

17 
8 



{ 



Second fttj common 
air heated red-hot 1 9 



«H! « ■ — II . I ■ — i n ■ ■)■■ > * M« JJW I |l l» W» »»ip n 



Height 

of the 

barom. 



29.95 
30.07 
29.48 
2990 
29.96 
29.90 

*9-95 

3007 
2948 



Inches of 
quickfilver 

confining the 

air. 



+ ■•57 
+0.70 

•j. 0.42 

+ 0.83 

+0.96 

+0.65 

+0.65 

4-0 S3 
4*0 $% 



Denfity 

in 
inches. 



Mean 



3*-5* 

3^-77 
29.90 

30.73 
30.92 

30S5 
30.60 

30 60 

30.00 



Total expanfion 
of too© eqqal 
parts of air by 



>«MM*«H|IIV 



*!*•, 



•urapMw 



<m J " ' 



0.6.2 



483.89 
482.10 
480.74 

485.86 
48945 

47604 

487.45 

48280 
489.47 



nwnnw^Mgii 



484.2I 



i» — y . 1 i| y I II !■»■ »» ■ ^ yl 



Mean rate 

for each 

degree* 



2.28250 
2.27406 
2.26764 
2,29182 
2.30870 

2.24547 
*.*$976 

2.27736 

2.3087 1 



2.28401 



The total expanfion 484.^1 being divided into parts 
proportionable to the manometrical fpaces, mcafured in 
degrees of the quickfilver thermometer, as already given j 
we have the following expanfions for intermediate tern- 
peratures, the rates for every io° below 9a* being found 
by interpolation. 



4X2 



Ther- 
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| Thermo- 

metrical 
fpaces. 



#mNm 



o 
212. 

192. 

172. 

152. 

112. 
92* 
82. 

■7*- 

62. 

52. 

42. 

22. 

12* 

O. 



Manome- 

trical 

fpaces. 



o 
2l2.. 

I94.4 

176.2 

*5?-4 
j 3 8. 

ji8. 

97.2 

86.6 

7S> 6 
64.4 

53- 

42. 

3 J -4 
21.2 

21.4 



Total Expan 
lions for degrees 
above zero, 
1000 parts. 






484.210 
444. on 

402.452 

359 S°3 

3 J 5.i93 
^69.513 

222.006 

197-795 
172.671 

147.090 

121.053 

95-9*9 
71.718 

48.421 

26.038 



Difference 
of expan- 
fions, 1000 
parts. 



Rate for each 

degree, 1000 

parts. 



40.199 


2.00995 j 


41.559 


2.07795 


42.949 


2.14745 


44.3 IO 


2.21550 


45.680 


2.28400 


47.507 


2.37535 


24.211 


2.421 10 


25.124 


2^1240 


25.581 


2.55810* 


26.037 


2*60370 


25.124 


2.51240 


24.211 


2.421 10 


23.297 


2.32970 


22.383 


2*23830 


26.038 


2.16983 



Hence2 2a.oo6- 26.038= 1 95. 968=2.4496, 012.45, 
is the mean rate of expanfion for the 8 o° comprehended 
between 1 2" and 92 of Fahrenheit* 



table 
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iv. Remits of experiments on the expansion of air, artificially moiftened, 

of the manometer. 



iMHWtaMdMMMMh 



m m m. 



N 



c 



ammmmMmitmmm 



Height 

of the 

barora. 



Inches of 
quickfiver 
confining 
the air. 



r I 



2 
3 



Firfi: fet: fteam ad- 
mitted into the 
bulb before it was ^ 
fealed, } * 

5 

6 

Second fet; a drop of 
cold water admitted 
info the bulb before 
it was fealed. 



30,16 



29.97 

30.00 

3°-43 
30.2 

n 3°- 2 

8 30.06 
l 9 I 3°3 2 



+ 1.6 
+ 2.2 
+ 2.2 
+ 1.92 
+ 1.6 
+ 2.37 

+ *-3 
+ 32 

+ 1.6 



Denfity 

in 
inches. 



t l ' I f I » 11 » 'T il 



. 



32.17 
33.20 

32-35 
31.80 

32.69 

31-5° 
33-a6 

31.92 



Mean, 



i rf T i 'i' 



Mean of the fecond, third, and feventh, 
Mean of the fifth, fixth, and ninth, 



32-18 



31.9.6 
32.14 



Totalexpanfion 
of 1000 equal 
parts of air by 



n 1 1 i' %■ r 1 



212* 



I4O9.O4 
I350.IO 

1999.71 
2576.16 

"35 48 



^38.3 1 



1668.13 



1298.20 
2038.06 



Mean rate 
for each 
degree. 



4a*Mw*Mna»a 



6.64642 
6.3684O 

9-43 2 59 
12.15169 

5.35604 



7.25618 



7-86854 



6.12362 
9.61349 



from zero 
to 3 2°. 



*-°59375 
2.20250 

2.26875 

2.20875 

2.361875 

2.16250 

2.22594 

2.54062 

2.02156 



'4B*MkSft 



2.22799 



—*■" 



2.23239 
2.l8l98 



32° 
t0 52 ( 



2,60700 

2.59250 

2.59100 

2.5*45° 

2.51300 

2*5535° 

2*7445° 
2.63350 

2.54250 



2.58800 



#wyMM*-WM*riMii 



2.64267 
2.53633 



mm ,m*mj ■ 11. mMm m mt>..m*mm + 



52° 

to 72° 



3.0265c 
2.9095c 
3.0490c 
2.7470c 
2.9640c 
3.1 i 60c 
2.9050c 
2.8085c 

3.2250c 



2.9722? 



2 9545 c 
3.10165 



By N° 1. the total expanfion for 192 is 1208.72, when* 



8. 



— 192 i3 6 7«°5> 

— ii2° 35 8 -°3> 



^■W*Mi^«»daW 



■MdWMH 



i ] 



lened, by the admiffion of fleam, and fometimes water, into the bulb 



meter* 



to 72 



3.02650 
2.90950 
3,04900 
2.74700 
2.96400 
3.1 1600 

2.90500 
2.80850 

3.22500 



2.97228 



^9545° 
3.10167 



Expanfion for intermediate temperatures. 



72 
to 92V 



3.3805O 
3.6765O 

3-7755° 

3.25500 

3' 8 475° 
3.72300 

3 4775° 

3.78700 
3.76500 



3- 6 3!94 



3- 6 43!7 
3.77850 



9* o 
to 112 °. 



I 



4.18300 
5.16700 
4 36900 

3.73700 
5.76100 

553 6 °° 
5.41900 

4.60750 
5.41700 



4.91072 



4.98500 



112" 
to 132* 



6.48000 

6.93300 

7.60500 

5-9 1 35° 
7.19450 

7.83900 

6.16650 

6.79250 



6.86550 



6.90150 



132 

to I C2°. 



8.6775O 
IO.175OO 

8 94400 

9 18950 
12.29850 
12.74100 

79885° 



152 
to 172' 



Tube broken. 



9-°35 8 3 
I 5-57 133 I 7-27533 f 11 ^ © 



9-H35° 



9.89494 



9.71 100 



12.04087 



9.88700 
14.38483 



172 
to 192* 



11.93600 


16.85050 


10.64200 


16.57850 


10.42950 


11.92200 


n-5755 


25.88650 


16.69750 


19.29500 


16 74600 


27-8435° 


8.58950 


10.93600 



13-7555° 



17.88344 



13.1455° 
20.29800 



.0 



192 

to 212° 



8.254OO 
I 1 .69OCO 

25-2355° 
45.25COO 

4.9860O 

19 93270 



19.22470 



8. 3 1 000 
30.13940 



1 a w ■ t^t^t — "- - — 1 • - 



i y whence the mean rate is 6.29542. 
S> — — 7.12005, 

3, ~ — 3.19669. 



MM^«»«#^^Pl|l*«^ll^«*^|MM«N«*HW^M^WM^. 



1.1 <..£• 1 *» 
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From the experiments of the firft clafs it appears, that 
1000 equal parts of common air, loaded with two at- 
mofpheres and a half, being affected with a' heat of n 1 a°, 
expands 434 of thofe parts; that is to fay, in its dilated 
ftate, it occupies a fpace bearing, to that which it origi- 
nally filled, the proportion of 1434 to 1000: hence the 
mean rate of expanfion of air of that extraordinary den^ 
fity is jz. 047 1 7 for each degree. 

From the firft fet of the fecond cTafs of experiments 
it appears, that 1000 equal parts of air, prefled only with 
-§ths of an atmofphere, and fuffering a heat of zi a°, ex- 
pands nearly 484 of thofe parts, whereof the mean rate 
for each degree is 2 . 2 8 1 40 < The maximum corresponds 
to that fe&ion of the fcale between 52° and 70?; and the 
rate for the extremes is lefs than the mean. 

But in the fecond fet of this clafs, when the confined 
air was rendered fo extremely rare as to be prefled with 
only one-fifth of an atmofphere, in which cafe there was 
a neceffity for heating it red-hot before it was poflible 
to make the quickfilver hang in any tube of a moderate 
length, the expanfion of 1000 equal parts of air is> by 
the feventh and eighth experiments, diminiihed to about 
two-thirds of the ufual quantity ; and by the ninth, it is 
confiderably lefs, amounting only to 141*5 for the 180° 
a com* 
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comprehended between freezing and boilings or 0.7 86 13 
for each degree. The maximum ftill correfponds to the 
fpace between 52 and 72 ; and the minimum is con* 
itantly at the boiling point. 

From thefe three laft experiments it would feem> that 
the particles of air may be fo far removed from each 
other, by the diminution of preflure, as fo lofe a, very 
great part of their elaftic force ; fince, in the ninth ex- 
periment, the heat of boiling water applied for an hour 
together, could only make it occupy a fpace which, com- 
pared with what it filled at freezing, bears the propor- 
tion of 1 141.5 to 1000. 

From the third clafs of experiments it appears, that 
common air, prefled with a fingle atrnofphere, whether 
taken into the manometer in its natural ftate, or heated 
red-hot therein, has the fame expanfion with air of only 
five-fixths of that denfity: for 1000 equal parts of this 
air expanded 484.31 from 2iz° of heat, whereof the 
mean rate is 2.3840 j for each degree. By comparing 
this refult with that of the firft clgfs, and again with that 
deduced from the fecond fet of the fecond daft* it would 
feem, that the elaftic force of common air is greater than 
when its denfity is considerably augmented or dimi- 
nifhed by an addition to, or fubtra&ion from, the weight 

6 with 
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with which it is loaded 7 ^ ; for, in the firft cafe, it bears 
the proportion of 484^0 434; and in the laft, it is (from 

the 

(/) This difference between the ekftic force of common air* and that whicft 
is artificially rendered more or lefs denfe, by the additionor fubtraclion of 
weight, particularly rite latter, is truly remarkable, and contradicts the expe- 
rience of botle, marriotte, &c. It could not arife from the adhefion of 
the quickfilver to the tube, though in the denfe experiments a column of 72 
inches was once made ufe of; becaufe the conftant motion given to the mane* 
meter before the fpaces were marked, muft either have prevented any irregu* 
larky whatever, or made the apparent expanfion fometimes too great, and at 
others too little. But the rare experiments ferve to put this matter out of 
doubt; for if the adhefion of the quickfilver to the tube had tended to teffen 
die apparent expanfion of the air, beneath the truth in one cafe, it muft have 
had a direct contrary effect in the other, and augmented it above the truth, 
which it evidently doth not. 

Thefe experiments on the expanfion of air lefs denfe than the atmofphcre, 
were extremely difficult and* troublefome; and it was not till after feveral 
fruitlefs attempts that, with the affiftance of Dr. lino, an- apparatus was pre- 
pared for making them with fufficient accuracy. The vefiel employed for this 
purpofe was made of the brafs tube of a large telefcope, near four inches in 
diameter; it was divided into four pieces, which, when fcrewed together, made 
a pot of fix feet in height. This was mounted on a platform laid over the 
area rails, for the reception of the manometer, which was placed therein, with 
the bulb uppermoft, the lower extremity of the tube palling through a focket at 
the bottom of the vefiel, and then through a collar compofed of many thick* 
nefits of flannel. By means of a brafs plate and three long fcrews, thecollar wa* 
made to embrace the tube fa clofely, as to fuffer very little water to pafs: fuch as 
did iflue, oozed off along the fides of a paper funnel, bound round the end of 
the tube, without entering into the bore. In this pofition, it required fome degree 
of force topufh the manometer up, Or draw it down, till the top of the quick- 
filver confining the air* juft appeared without the collar, fo as to admit the 
fpaces to be meafured, from a fixed point marked on the tube. The veflel being 
filled with boiling water, was kept to that temperature by means of lamps fuf- 

pended 
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the mean of three experiments) as 484 to 25 a, when 
preffed with only one-fifth of an atmofphere. 

The 

pended around it. Two thermometers were made ufe of; the long one, whofe 
ball Hood at the bottom 5 and a'ihort one at the top, that defcended no lower 
than juft to be immerfed in the water. By fome of the firft of thefe experi- 
ments, the lamps not being placed dire£Uy at the bottom, water was perceived 
to be a very bad conductor of heat; for it would boil violently at the top, and 
the fliort ^thermometer there would mark 212% while the long one would only 
mark 185° or 190 at the bottom. By flow degrees the heat would neverthelefs 
defcend, and in the fpace of fifteen or twenty minutes the whole column would 
become of the fame uniform temperature. But when the apparatus was adapted 
for experiments on air denfer than the atmofphere, in which cafe a plate of tin 
was foldered over the hole at the bottom, that it might be placed on a ftrong 
lire, the heat was then greatefl below, and the long thermometer would mark 
upwards of 215 , while the fhort one flood at 209° or 210 . By defifting from 
blowing the fire, or removing a part of it, the particles of water fuffering the 
greater* heat would afcend, mix with the reft, and for fome little time make 
the whole column of an uniform temperature. But the fire being totally 
removed, the top of the column in cooling was always hotteft; wherefore, in all 
thcfe experiments, whether on denfe or rare air, great care was taken to mix the 
water thoroughly. 

From Mr. db tuc's book it appears, that M. amontons found the effe& of 
beat on the air confined in his thermometer, which feems to have been the fame 
fort of inftrument with the manometer, proportionable to the weight with 
which it was loaded. By this he could not mean that, being of a double den- 
fity, it had twice the expanfion, I apprehend it muft here be underftood, that the 
ipaccs the air occupied, were inverfely as the weights. That being preffed with 
a double weight, it only filled half the fpace; or with half the weight, a double 
fpace. This is no doubt nearly, though not accurately, the law that it follows. 
From thefe experiments it appears, that there is little difference in the actual ex- 
pahfion or elaftic force of air, preffed with an atmofphere + or — one- third part: 
yet, when it is rendered extremely rare, its elafticity is wonderfully diminifhed. 
There feems likewife to be a viable diminution in its expanfion, when loaded 
with two atmofpheres and a half. Some of the tubes that I ufed were near nine 

feet 
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The total expanfion 484.21 refulting from the third 
clafs of experiments, which are very confiftent among 
themfelves, being divided into parts proportionable to 
the manometrical fpaces, as meaftired in degrees of the 
quickfilver thermometer, we have the expanfions for in- 
termediate temperatures, expreffed at the bottom of the 
third table, where, it is to be obferved, the rates for every 
io° below 9 2 were found by interpolation. 

Now as barometrical obfervations will probably never 
be made in a temperature higher than 92 in the fhade, 
nor in one lower than 12% if we fubtradt 26.038, the 
expanfion anfwering to 12 , from 222.006, that which 
correfponds to 92% we fhall have 195.968 for the 
80 intermediate degrees; or 2.45 for the mean rate 
on each. This equation, compared with Mr. de luc's, 
bears the proportion of 245 to 210, which is a difference 
of 10 ** b -y on every degree, or one-feventh part of the 
whole : and though this rate will be found hereafter to 

feet long. Had it been poflible to have managed them of double or triple that 
length, fo as to have admitted the air to be prefTed with a column of 18 or 20 
feet of quickfilver, I am perfuaded the diminution in the expanfion of air of 
that extraordinary denfity would have been much more perceptible* 

Mr. amontons found, that the condenfation of air in his thermometers 
kept pace with that of fpirit of wine, which we are told follows a decreasing 
progrefiion with refpecT: to quickfilver: wherefore his experiments agree with 
thefe, in making the condenfation of air below 57 follow a decreafing pro- 
greffion, when compared with that of quickfilver. 

V o l. LXVII. 4 Y exceed 
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exceed that deduced from the operations of the barome- 
ter in extreme temperatures ; yet they agree exceedingly 
well with each other for the mean heat of the air, when 
the barometer will come moft frequently into ufe. 

The fourth ciafs of experiments are all that now re- 
main to be mentioned. The bare infpecftion of table 
iv. will ftxew, how greatly fuperior the elaftic force of 
moiil is to that of dry air. It is true indeed, that two 
kinds of irregularities prefent themfelves among the re- 
fults: firft, with regard to the total expanfioa for 21 2 ; 
and fecondly, as to the greateft exertion of the elaftic 
force, which fometimes feems to have taken place before 
the air has acquired, the heat of boiling water. The 
firft is eafily accounted for: it muft have arifen from dif- 
ferent proportions of moifture being admitted into the 
fame quantity of air, which there was no poffibility of 
afcertaining, the bulbs and their apertures being of very 
different dimenfions. With regard to the fecond irregu*- 
larky, I am rather inclined to think that it may have 
proceeded from error of obfervation, it being difficult to 
determine the accurate temperature near boiling ; efpe- 
daily when any part of the air rofe above the top of the 
veflel, which was fometimes the cafe, notwithftanding its 
extraordinary height. Be that as it may, a very uniform 
tncreafing progreffion will be perceived to take place, 

from 
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from the zero of Fahrenheit, as far as 152 or 172 ; 
and even to the boiling point, in thofe which 1 efteem the 
beft experiments. By adhering to the mean refult it wilt 
appear that air, however moift, having that moifture 
condenfecl or feparated from it by cold, its expanfion dif- 
fers not fenfibly from that of dry air. Thus the rate for 
3a below freezing 2.22799, is nearly the fame as in dry 
air ; but no fooner doth the moifture begin to diflblve 
and mix with the air, by the addition of 20 of heat, 
than the difference is perceptible : for inftead of 2.4667 5, 
the rate for 20 above 32 in dry air, we have 2.588 for 
that which is moift. In the next ftep of 20 , the rate for 
dry air is 2.5809; whereas that for moift is 2.97. In 
this manner the progreffion goes on continually encreaf- 
ing, fo as to give 7.86854 for the mean rate on each de- 
gree of the 2 1 2 , which is near three times and a half 
the expanfion of dry air. And laftly, the rate for the 
20 between 192 and 212 , is twice and one-half the 
mean rate, and about nine times that which correfponds 
to the zero of the fcale : but if the comparifon is drawn 
from the mean of the fifth, fixth, and ninth experi- 
ments, as being probably neareft the truth, the total ex- 
panfion of moift, will be more than four times that 
of dry air ; and the rate for the temperature at boiling, 

4 Y 2 will 
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will be nearly fifteen times that which correfponds to 
the zero of Fahrenheit. 

I am aware it will be alledged, that the proportion of 
moifture admitted into the manometer in thefe experi- 
ments, is greater than what can ever take place in nature ; 
and therefore, in order to be able to judge of the degrees 
of expansion the medium fufFers in its more or lefs denfe, 
and more or lefs moift ftates, that not only air near the 
furface of the earth, but likewife that found at the top of 
fome very high mountain, ihould have been made ufe of. 
I grant all this : but on the other hand it muft be remem- 
bered, that thefe experiments are very recently finifhed; 
that a good hygrometer (if fuch can ever be obtained) 
a great deal of leifure time, and the vicinity of high 
mountains, were all neceffary for the carrying of fuch 
a fcheme into executions 

It is for thefe reafbns, and in hopes that other people 

will, fooner or later, inveftigate this matter ftill farther, 

not only by experiments made on the expanfion of air, 

taken at different heights above the level of the fea in. 

middle latitudes, but likewife on that appertaining to the 

humid and dry regions of the atmofphere towards the 

equator and poles, that I have been induced to haften the 

communication of this paper* In the mean time having 

proved, beyond the poflibility of doubt, that a wonderful 

a difference 



meafuring Heights with the Barometer. yi 5 

difference doth exift between the elaftic force of dry and 
moift air, I may be allowed hereafter to reafon by ana- 
logy, on the probable effedts this will produce,, in mea- 
furing heights with the barometer; leaving it to others, 
much better qualified, to eonfider how far it will affedfc 
aftronomical refractions* In the following feftion I fhall 
therefore give an account of the barometrical obferva- 
tions made iri -Britain, and compare them with fome 
others made in diftant countries.. 



+m 



S E G T I O N III. 

<4H account of the barometrical obfervations made in Brl^ 
tain, wherein they ar^ compared with fome others of the 
f ante kind made in diftant countries.^ 

THE revival of the inquiries into that curious and 
ufef ul branch of philofophy, whereby vertical heights 
$re determined to a great degree of exadtnefs, by the 
preffure of the atmofphere alone, we owfe to Mr, deluc;: 
Who hath undoubtedly removed many of the difficulties 
that formerly occurred in the application of the barome- 
ter, and thereby encouraged others to attempt to over- 

come^fome part at leaft, of fuch as remain^ 

if 
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If the rule deduced from the obfervations on Saleve 
had been abfolutely free from exceptions, and if there 
had not been particular points in the theory concerning 
which the ingenious author himfelf feems to have enter- 
tained doubts, it would probably have been univerfally 
adopted, without undergoing any very fcrupulous invef- 
tigation ; but the obfervations made at Sun-rifing on Sa- 
Jeve* gave refults that were defe<5Hve, or lefs than the 
real height. In certain cafes, the equation for high tem- 
peratures, remote from the zero of the fcale, appeared to 
follow a diminifhing, and in others an increafing pro- 
greffion. Hence arofe fome caufes of uncertainty, with 
refpedl to the fpecific gravities of quicklilver and air, and 
the relative expanfion of one compared with the other ; 
efpecially when the atmofphere happened to have more 
or, lefs moifture diffolved in it. It w r as doubtlefs from 
confiderations of this fort, that Mr. de luc, in his book, 
fo ftrongly recommends the making of numerous fets of 
obfervations, in different countries ; that,' by the united 
labours of all, this interefting part of natural philofophy, 
might be brought ftill nearer to perfection. 

With this general obje£l in view, I am now to give an 
account of the principal barometrical obfervations that 
hive been made in Britain, on heights determined geo- 
metrically with great care. Thefe heights are claffed in 

the 
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the following lift in fix fets, according to the diftri&s 
of the country wherein they are fituated, and nearly in 
the order of time in which the obfervations were made. 



No I# ^ 

Heights in 
and near 
London, 



•! 



Height in Feet. 
St. Paulas Church-yard (g)> North* fide, and iron gallery "I « 

over the dome, — — — J 

Top of Paul's-ltairs, and the faid gallery, — 324. 

Top of Scotland-yard wharf, and the dining-room ofl 

the Spaniard on Hampftead- heath, — J 4 2 * 

Great Pulteney-ftreet, and the faid dining-room, — 352 
Pagoda in Kew gardens, . — - — • — li6J 

Gun wharf in Woolwich Warren, and uppermoft floryl 

of Shootet's-hillinn^J,, — — - S U *~ 



(g) Mr. banks, affifted by other gentlemen, meafurecTvery accurately with 
a line the height of the ball of St. Paul's above the floor of the church, which 
was found to agree, exceedingly near, with that taken from the engraved fedBon 
of the building. The diftance of the ball from the dining-room of the Spa- 
niard, was found by a bafe meafured on Hampftead-heath ; and their relative 
heights by the angle of depreffion of the ball, taken with the agronomical qua- 
drant from the faid dining-room^ The heights of Paul's flairs and Scotland- 
yard wharf, with refped to each other, were found by meafuring from them 
feverally to the furface of high water in the Thames. And the elative heights 
of the church-yard and floor of the church with refpe£l to the flairs, and of 
Pulteney-ftreet with regard to the wharf, were obtained by levelling to them 
refpe&ively. 

(b) The height of Shooter's-hill inn, above Woolwich, was found by a bafe 
meafured in the meadows from the Warren eaftward. Lord mulorave, Mr.. 
banks, and Dr. solander, aflifted in the geometrical operations;, as did 
Dr. blagden, MefT, de luc and ljloyd, in the barometrical obfervations. 
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jncarTajr- 

bridge in 
sEerthmire. 



•car Lanark/ 



N d 4. 
iiear Edin- 
burgh. 



"Station' at the Eaflygatc of Caftle Menzie's gardens l 
near the village of Weem, and top of Weem Craig, J 
The faid ftatipn, and top of Bolfracks Cairn, — • 
The faid (ration, and top of Dull Craig, — 

The faid ftation, and top of Knock Farle, - — 

The faid ftation, and that at the rivulet of Glenmore,! 
below the South qbfer vatory ori Schihall ien, — J 
The faid ftation, and South obfervatory, — — 
The faid ftation, and Weftern fummit of Schihallien, 
Station at the rivulet of Glenmore, and the South ol> I 
fervatory, — — . . ' ' — ■ — J 

'Level of the Clyde at Lanark- bridge, and ftation in l 
the garden at Lanark, v — — . j 

Ditto level, and top of Stonebyre- hill, — — - 

Robinhood's well, before Carmichael-houfe, and topV 
of Tinto, four feet below the fummit of the Cairn, J 

Ditto -well, and Weft end of Carmichael-hill, —. 

» 

•Leith pier-head, and top of the Calton-hill, — 

Leith pier, and fummit of Arthur's Seat, — — * 
Leith pier, and Kirk-yetton Cairn, on theEaft-end of 1 

the rentland hills, •— — — - J 

Calton hill, and ditto Cairn, — — — 

Level of Hawk-hill ftudy, and top of Arthur Seat, 
Hawk-hill obfervatory, and bottom of the little rock 1 

on Arthur Seat, ^ J feet below the fummit, — J 
Hawk-hill garden-door, and ditto little rock, — 



Feer, 
700$ 

1076! 

I244§ 

J 3 6 4| 
1 2 79 J 

2098 
3281 

818J 



3&i 

654 
1642$ 

344 
803 

1544 
1200 

702j 
684 

73°l 



N* 5 . 
tiear Liri* 
houfe. 



N°6. 



Linhoufe, and Eaft Cairn-hill, 5 feet below the fummit, 1 176I 
Ditto, 18 feet below the top, — — ' " 

Linhoufe, and Weft Cairn-hill, 1 1 feet below the top, 
Ditto, and Corftown- hill, 4 feet below the top, — 
Corftown-hil), and Weft Cairn-hill, — — 

Ditto, and Eaft Cairn-hill, — — — 



»6«J 
1178I 

3 86f 

792 



nearCamar- I Carnarvon Quay, and Snowdon Peak, 
von in North t Ditto, and fummit of Moel JEilio, 
Waks. J 



3SS$ 
2371 



To enter into a minute detail of the geometrical ope- 
rations, whereby the whole of thefe vertical heights 

were 
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were determined,, would be extremely tedious and unki* 
terefting. That fome idea may however be formed of 
the degree of accuracy with which they were afcertained, 
it will be fufficient to bbferve, that the requifite angles 
were taken with an .agronomical quadrant of a foot ra- 
dius, made by Mr. sisson, and curioufly adapted for the 
rneafurement of horizontal or bafe angles ; which, as well 
as thofe of the vertical kind, might always be determined 
thereby to within ten feconds of the truth. The bafes 
were meafured with care; and, in order to afcertain the 
diftances, the three angles of each triangle were, as 
often as poffible, a&ually obferyed with the quadrant. 
That the variation of the line of collimation of the in- 
ftrurnent, which was found to alter in carrying, might 
occafion no error, one or more of the angles of elevation, 

at each ftation, were taken on the arc of excefs, as well as 

• » 

on the quadrantal arc. In all cafes, the ufual (i} allow- 
ances were made for curvature and refraction : and for 
the correction of the laft, fometimes the angles of de- 

(i) If tlie fquare of the diftance be divided by the diameter of the earth, the 
quotient will give the curvature of the globe on that diftance, or the excefs of 
the apparent above the true level : and, by Mr. maskelyne's rule, the fquare of 
the diftance being divided by the diameter of the earth, augmented by one- 
fourth part, we have the allowance for curvature and refraction; which laft is 
fuppofed to raife the objeft, by an angle .equal to that of a great circle fubtended 
by one-tenth part of. the diftance. 

Vol. LXVII. 4 Z preflion 
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prefllon as well as of elevation were taken. When time 
would permit, the geometrical operations were repeated 
at the £rft ftations ; or the angles of elevation were ob- 
ferved from fome new point connedted with the firft, 
and whofe relative height, with refpedt to the others, was 
known. Small altitudes were occasionally determined by 
levelling from one ftation to the other. 

To prove that the vertical heights, afligned to the places 
in the preceding lift,are exceedingly near the truth, I need 
only mention the following inftances, by way of confirma- 
tion. In 1 77 1, with the affiftance of Dr. lind and his 
friend Mr. hoy, I meafured a bafe from the obfervatory 
of Hawk-hill weftward, whereby the height of the fum- 
mit of Arthurs Seat, above the telefcope of the Hawk- 
hill quadrant, in its horizontal pofition, was found to be 
685.66 feet. In 1775, thefe gentlemen levelled, three 
feveral times, from the fummit downwards to the faid 
telefcope ; and found the vertical diftance to be, by the 
firft operation, 686.47 feet; by the £econd> 684.43; 
and by the third, 685.25. This laft, which, from the 
great care that was uied* they comfidered as the beft> dif- 
fers only three-tenths of a foot from the geometrical re- 
fult . They afterwards continued the operation of levelr 
ling from Hawk-hill to the pier of Leith, and having 
repeated it twice, with a difference of only two inches 

b et ween 
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between the refuits, they found the mean defcent to be 
117.38 feet : hence Arthur's Seat is above Leith pier, by 
the mode of levelling, 802.66 \ and by the mixed me- 
thod 803 feet. 

In 1774, when the aftronomer-royal was carrying on 
the Society's experiments for afcertaining the attra&ion 
of Schihallien, I found, from my own geometrical opera* 
tions, depending on a bafe meafured in the plain near 
Taybridge, the Weftern fummit of the mountain to be 
1 1 83 feet above the South obfervatory. 

Of this height, the effect of curvature and refradtion 
amounted to 28.86 feet, on the diftance of Bolfracks 
Cairn from the obfervatory; and to 38 feet, on the dif- 
tance of the faid Cairn from the fummit of Schihallien. 
The refult of thefe operations I communicated to Mr. 
maskelyne, before his trigonometrical operations were 
begun. From the data which he hath fince been fo 
obliging as to furnifh me with, depending on the bafe in 
Glen more at the bottom of Schihallien, a;nd the angles 
of elevation taken from the Southern extremity of that 
bafe, the Weftern fummit of the mountain is t 186.6 
feet above the South obfervatory. But if the triangle 
that ferved to connedt the ftation of the barometer in 
that valley with the others, and the angles of elevation 
taken from the fame ftation are made ufe of, the dif- 

4 Z 2 ference 
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ference of height will be 1183.33 feet. Laftly, Mr* 
maskelyne's refult, from the triangles on the North-fide 
of the mountain, makes it 1 1 80. The mean of thefe 
three 1 1 83.5 1 feet, is the height of the Weftern fummit 
of the mountain above the South obfervatory, which only 
exceeds my height by one-third of a foot. Here it is to 
be obferved, that from the vicinity of thefe triangles to 
the mountain, and theihortnefs of the fides, thegreateft 
curvature amounted only to 1 6 or 1 7 inches, which con- 
fequently made the effe6t of refraction next to nothing. 
This near agreement between the refults Teems there- 
fore to prove, that the mode of computation for curva- 
ture and refra&ion, made ufe of in the Tay bridge obfer- 
vations, is juft. 

By the firft angles of elevation, taken from the ftation 
of the barometer in Glenmore, the Weftern fummit of 
Schihallien is 2001.88 feet above it; from which, if we 
deduct 1183.33, there remains 8 1 5 .5 5 for the height of 
the South obfervatory above the faid ftation : but if the 
laft angles of elevation at the ftation of the barometer 
are made ufe of, the height between it and the obferva- 
tory comes out 818.97, whereof the mean is 818.76 
feet. Though thefe inftan'ces are of themfelves fuffi- 
eient to prove, that the geometrical heights may be fafely 
depended upon; yet, as an example of the method that 

wa& 
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was always made ufe of, I fhall annex to this paper, a 
plan of the triangles and detail of the operations for ob- 
taining the height of Snowdon; beeaufe that mountain^ 
at the feme time that it is the higheft I have meafured, 
is, from its fituation, more likely to be viftted, and to 
have experiments repeated upon it, than the remote hills 
of the North. I now proceed to give fome account of 
the barometrical obfervations* 

The heights in and neat London heirig fo very incon- 
fiderable, it was eafily forefeen, that nothing conclufive 
could be drawn from obfervations mtade on them alone* 
It was, however,, natural enough to try, even onthefe r 
whether the rule we had been furniihed with would an- 
fwer ? A fmall height of 41 feet 4 inches, which, with- 
out inconveniency, could be recurred to at all times of 
the day, and all feafons of the year, was the firft that 
was made ufe of. St. Paul's, Harapftead, Kew pagoda, 
and ShooterVhill, were the next. The mean refults of 
rtxany obfervations on the three firft, and of feveral on 
ShooterVhill, were found to be defective. In general 
the coldeft obfervations, made in the morning and even- 
ing, when the temperatures at the two ftations differed 
leaft from each other, anfwered befL In the hotted part 
of the day, when that difference was the greateft, the 
refults were moft defective- 
Some 
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Some months fpent in Scotland in the fummer of 
1 7 74, afforded opportunities of making barometrical ob* 
iervations on hills of various heights^ from three or four 
hundred, to upwards of three thoufand feet, as hath been 
exhibited in the preceding lift. That feafbn was re- 
markably cold and wet ; wherefote, in thefe obfervaf iens f 
the mean temperature of the air in the fhade was com- 
monly about 55 . The hotteft never exceeded 63° in 
the plain ; and the cokleft, namely thofe on the higheft 
mountains, were generally from 43 to48°. 

From the defe6t found in the refults of thefe obferva- 
tions, which, with refpecS to temperature, corretpond to 
the mean and hotteft of thofe made at Sun-rifing on Sa- 
leve, and without any exception whatever, I could eafily 
dlfcover, either that a much greater equation than what 
the rule directed, muft be applied for each degree of heat 
above the zero of the fcale; or, that the zero itfelf would 
fall confiderably lower than 39*74, where Mr. be luCIs 
formula, adapted to Englifh meafures, hath fixed it. 
This firft ftep towards a correction of the rule, naturally 
pointed out the fecond thing to be aimed at, namely, the 
obtaining of a fufficient number of cold obfervations, 
near the zero, and as far as poflible below it, that the 
equation might difappear entirely, and even come to be 
applied with the contrary fign. Of this kind the winter 
I feafons 
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feafon&of 1774 and 1775, 'afforded a few 911 the {mail 
heights in and near the metropolis ; but the beft I have 
been fiirriiflied ^vith are thofe which Br; mnd* affif e8 
by Mr. hoy, was fo obliging as t& make on Arthur's Seat 
near Edinburgh ; and thofe which Captain calderwood^ 
has fi nee favoured me' with oii the Oairn-hills, being a* 
part of the Pentland range to the South-weft of that city*: 
By comparing thefefets of obfervatiohs together, it 
appeared from all of them, that when the air wasv at or 
near the freezing temperature, the fogaarithmib differ- 
ences gave the real height* in En glifti fathoms andthour 
fandth parts,, without any equation ; and when confidera^ 
bly betow that point, the equation was to be fubtra&ed, or 
applied with the figp. — inftead of + . It was farther per- 
ceived; that the fame, general conclufibn might be drawn 
from the cokleftv not- only of the Sun-rifing, but even 
of the ordinary obfervations on Saleve;; fome redu<Stion of 
the temperature being in certain cafes made, oh account 
of the expofure of the thermometer to the Sto's : rays: 
hence I was led to fuppofe, that the morning obferva- 
tions, inftead, of being made exceptions from the rule;> 
were thofe> which, it might be prefumed,, would form 
the beft bafts for deducing the equation depending on 
the heat of the air; becaufe the mean temperature of the 
column was then found to differ leaft. from that of its 

extre- 
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extremities; whereas in the hotteft time of the<tay, that 
difference was generally the greateft. 

Having been enabled, by means of the cold obferva* 
tions, to form fome judgement whereabout the zero of 
the fcale would fall, below which the equation was nega- 
tive, and above it affirmative ; it followed of courfe, that 
the next principal thing to be fought for, was the maxi- 
mum of equation, or that correfponding to the higheft 
temperatures the climate of our ifland would afford. It 
was partly with the view of obtaining thefe that I went, 
in July 1 7 7 5 ? to Snowdon in Ndrth Wales. Oil this expe- 
dition Captain calderwood was fo dbligkig as to accoifc- 
pany me, and lend me his afliftance in the operations for 
determining the geometrical height of that remarkable 
mountain. At that particular period, the weather proved 
unfavourable for obtaining hot barometrical obferva- 
tions; but, in other refpe&s,' they were very £atisfa<ftory, 
as being in general confiftent among themfelves, and 
agreeing fufficiently near with thofe of the preceding 
year in Scotland; at the fame time that they were made 
on a height, as formerly mentioned, greater than any 
other hitherto meafured, with equal care, in Britain. 
During the fummer of 1776, Dr. lind obtained fome 
more hot observations on Arthur's Seat ; and in the begin- 
ning of the following winter, Captain Calderwooo 
5 made 
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made others of the cold kind, on the Cairn-hills in his 
neighbourhood. From the combination of the whole of 
thefe obfervations taken together, and a comparifon of 
them with Mr. de luc's, as far as they are iimilar, I 
mean to fhew the agreement or otherwife, between the 
equation for the heat of the air, as deduced from the ba- 
rometer and manometer; but fince the Britifli obferva- 
tions, in certain cafes, differ confiderably in their circum- 
ftances from thofe on Saleve, it is neceffary, in the firft 
place, to point out wherein this difference chiefly con- 
lifts. 

In the obfervations in Britain, the barometers and de- 
tached thermometers have been,almoft conft an tly, placed 
in the open air in the fliade, and fuffered to remain there 
generally half an hour, and fometimes a great deal 
longer, before the correfponding obfervations were be- 
gun, that the quickfilver might have time to take the 
temperatures of the fituations refpe£tively. They were 
then obferved four times, ufually at intervals of ten mi- 
nutes, the mean of the four being that which is calcu- 
lated, and called a fingle obfervation. If the time did not 
admit of fo long an interval, the fame number of obfer- 
vations were taken at diftances of five minutes from each 
other. In either cafe, the extremes never differed above 
a few thoufandth parts of an inch from the mean, fo as to 

Vol. LXVII, 5 A render 
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render the computations of them feparately wholly un- 

neceflaryv 

Except kt very fmall heights, and chiefly in London, 
where it was impoflible to fcreen the upper barometer fo 
effectually from the Sun during the time of obfervation 
as that below, which generally ftood in the fhade of fbme 
buildings the temperature of the quickfilver in the fu- 
perior aj - hath been colder than that in the inferior baro- 
meter. The difference was commonly found to. be two 
or three degrees; fometimes it would amount to fix 
or feven; rarely, in heights that were confidferable, to 
nine or ten; and in one inilance only to thirteen, where 
the vertical diftance of the inftruments was great. 

Whether in the plain or on the tops of the higheft 
mountains, the detached thermometers, indicating the 
temperature of the air, have generally flood fomething 

(k) I have fometimes found, particularly 10 frofty weather, that a thermo- 
meter placed on the pavement of the North-fide of St. Paul's Church-yard, 
clofe to the wall of the building, would ftand two degrees lower thaa that which 
was expofed on the North- fide of the iron gallery over the dome, The firft, no 
doubt, felt the cold produced by the evaporation, from the Hones, while that 
above might be afFe&ed by the. afceuding fmoke.* But the moil remarkable, 
inilance of this kind occurs in one of Dr. juind'& obfervations, on the breaking 
up of the hard froft January 31, 1776: at Hawk-hill, at ip h 45" A.M. the 
temperature of the open air was 14 , while that at the fhmimit of Arthur's Seat 
was 20 . The froft that remained in the ground kept the air extremely cold 
below, though it had already felt the cffeils of the thaw, at the top of the 
m our. tain. 

lower 
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lower than thofe attached to their refpe&ive barometers, 
until they had remained a confiderable time in the fame 
fituation, equally fliaded from the Sun, when they always 
agreed : whence it followed, that in thefe obfervations, 
the mean temperature of the air, and equation depending 
upon it, might always have been determined very near 
the truth, from the temperature of the quickfilver in the 
tubes, as ihewn by the attached thermometers, without 
ever confulting the detached ones. Let us now fee what 
were the circumftances attending the obfervations on 

Saleve, 

Mr. de luc's lowermoft barometer flood in the 
ground-ftory of a houfe near Geneva, where it remained 
unaltered during the whole of his experiments ; while 
the detached thermometer, indicating the temperature 
of the air, was expofed on a fmall eminence, at a little 
diftance, diredtly to the Sun's rays : hence we find that, in 
the obfervations of high temperatures, the bottom of the 
column of air is often 12 or 15 , and in one cafe 18% 
hotter than the quickfilver in the tube. And even in the 
loweft temperatures, the bottom of the column of air is 
generally hotter than the quickfilver within doors, con- 
trary to common experience in this country : for in Eng- 
land, in winter, the exterior air in the fhade is always 
colder than the interior air. This circumftance gives 

c A 2 reafon 
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reafon to apprehend, that the thermometer fuffered not 
only diredt but reflected heat. 

The fuperior barometer was Shaded with a parafol 
from the Sun, while its correfponding detached thermo- 
meter was expofed to his rays : wherefore* in the obfer-* 
vations of high temperatures, the top of the column of 
air is ufually four or five degrees hotter than the quick- 
silver in the, barometer Standing in the fame air; and the 
mean heat of the column often exceeds very confidera- 
bly the mean heat of the quickfilver in the tubes. 

In many of the coldeft of Mr, de luc's obfervations, 
as well as in thofe of mean temperatures of about 50 or 
5 5 , the fuperior barometer is often the hottefl: of the 
two, even when the furrounding atmofphere at the top is 
colder than at the bottom. This circumftance fs eafily 
accounted for : wood is known to be a bad conduc- 
tor of heat, to receive it Slowly, and retain it long: that 
barometer, which was moved about from place to place 
upon the mountain, with a very Short interval between 
the obfervations (as is fufficiently evident from the great 
number of Stations it paffed through in a limited time) 
muft have acquired and retained heat fuperior to that of 
the atmofphere, and communicated it to the tube with 
which it was in conta£t. Some difference would no 
doubt arife from this caufe, if the temperatures of the 

quickfilver 



meafuring Heights with the Barometer. 731 

quickfilver in the tube and attached thermometer did not 
Tceep exactly pace with each other. 

The laft point to be mentioned is ftill more rem ark a~ 
ble than the reft ; it is briefly this : in the obfervations at 
Sun-rifing on Saleve, though the fuperior quickfilver is 
the coldeft ; yet the top of the column of air is commonly 
j&ve or fix, and fometimes eight or nine degrees, warmer 
than the bottom*. 

Having thus Ihewn the fteps that were taken, for ob* 
taming the coldeft and hotteft barometrical obfervations 
that the climate of this ifland would afford, the mode of 
obferving, and wherein the circumftances attending them 
differed from thofe on Saleve* I fhall now point out the, 
general refult. In order to avoid' repetitions as much., 
as poffible, it is neceffary* once for all, to remark, that 
the computations of the Britifh obfervations, by the rule 
hereafter to be given, are fubdivided into their refpefitive 
elafies. Each table * contains 1 5 columns, which their 
titles fufficiently explain, that the principles from which 
the rule was deduced, the refult apd error, might all ap- 
pear in one view* The laft column towards the right- 
hand fhews the ratio of the weight of quickfilver to air,, 
the columns of the firft in the barometers being feve-- 
rally reduced to the mean temperature of thelaft. 

2 By 
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By comparing the tables it will be found, that the ob- 
servations for extreme temperatures belong to the Edin- 
burgh clafs of obfervations (N° 4.) it being thought beft, 
in this cafe, to omit the few hot ones obtained 011 the in* 
confiderable heights near London: the mean of the 
£oldeft> anfwering to the temperature of 2i°.75, make 
the logarithmic excefs yII^; and the mean of the hotteft, 
correfponding to the temperature of 6c) .6, give a defe<$fc 
of -Ii-.- Now the fum of the two equations -~^, being di- 
vided by the difference of temperature 47°.,85, we have 
aaearly ^.3 for the mean rate of the equation on each 
degree* which is lefs than that refulting from the opera- 
tions of the m^apmeter. Again, from the mean of the 
very beft obfervations, as being rnade on the greateft 
heights* wfa£& the temperature of the air is 52% it ap- 
l>ears, that ths defeat is fromSii^, or ^^ for each 

degree nearly, which agrees perfectly well with the ma- 
nometrical §xpanfion. In this, cafe, the ratio of the 
weight of quicfcfiLver to air is ^s 1 1377 to jj greater very 
OG^fiderably than 11 %$.% to 1, afligned to them by Mr. 
xme. luc, when the temperature is 69^3 2, anfwering to 
the zero of his fcale, without any allowance for the di- 
minution of preflure on his column?, which fhould have 
rendered air iMll comparatively lighter. From the Bri- 
jifh obfex*vations, made on the moft confiderable heights, 

j it 
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it appears, that when the temperature of the air is 2 8°. 2, 
the ratio of its weight, with refpedt to that of quickfil- 
ver, is as 1 to 10552 : hence the increafe of the weight 
of air, on every degree of difference of temperature be- 
tween 28\2 and 52 -5, amounts to 34.4; and hence we 
have 5. 2 . 5— 4°.2=4&°.3 for the temperature of the air 
in Britain, when its weight would be x i [ - of that of 
quickfilver; and confequently agree with Mr. de Luc's, 
though the heat would differ from his 21 . It will no 
doubt be remarked, that the equation for the air, refus- 
ing from the operations of the barometer, falls fhort of 
that given by the manometer. Part of the difference, I 
apprehend, may arife from the fmall number of baro- 
metrical obfervations obtained in extreme temperatures . 
I fhall, neverthelefs, adduce reafons hereafter for fuppo- 
fing, that it really fhould diminifh, becaufe of the drier 
and lefs elaftic ftate of the fuperior air, compared with 
that taken into the manometer at the earth's furface. In 
the mean time, fince both inftruments agree in the equa- 
tion for 5 2 , which is a heat that the barometer will very 
frequently be ufed in, it feems beft to adhere to the mean 
manometrical refult 2.45^ in fixing the zero of the fcale, 
which is obtained in the following manner. 

Divide the excefs or defect:, expreffed in 1 oooth parts 
of the logarithmic refult, by 2,45, the mean expanfion of 

air 
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air for each degree of the thermometer ; the quotient 
will give the number of degrees, in the firft cafe, to be 
added to, and ia the laft fubtradled from, the tempera- 
ture of the air in the obfervation; the fum or difference 
anfwers to the zero of the fcale, or that temperature 
when the logarithmic refult gives the real height in 
Englifh fathofns and ioooth parts. 

According to this mode of computation, we have, 
from the aggregate of the feveral claffes of Britifh ob- 
servations., the place of the zero as follows; 

Zero, 

}Xi o o 

a*5 and 71.4*32.2 

2d, lictti* Taybridge, — — > 46.1 — 62.9 -.31.1 

3d, near Lanark, .„■ — . — 44. — 62. - 32,8 

£tbj near Edinburgh* — — . 17.' — 70.7 - 31.3 

5th, near tiinhoufe, ~ — 26.1 — 46.5 - 29*9 

6th,* near Carnarvon, — ,-~ 49.1 — 62.3-329 

Mean place of the fcero at *— — 31.7 

The number 3i°.7 differing fo very little from 32% 
we may hereafter confider that remarkable point of f ah- 
kenheit's thermometer, as the zero of the fcale depend- 
ing on the temperature of the air; and hence is deduced 
the fecond part, of the rule for meafuring heights with 
the barometer- When the mean temperature of the co- 
lumn of air to be meafured is at 32 9 of Fahrenheit, the 

difference 
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difference of the common logarithms of the equated 
heights of quickfilver in the inferior and fuperior baro- 
meters,exprefled in 1 o o o th parts of an inch, gives the real 
height in fathoms and 1000th parts, the three figures 
towards the right-hand being decimals, and the reft in- 
tegers; which, being multiplied by fix, gives the refult 
in feet. 

Let us next confider, in a general way, how far this 
will correfpond, or other wife, with Mr. de luc's obfer- 
vations \jx extreme temperatures. 

I have already had occafibn to remark, that when the 
temperature of the air was at 6g°.^a 9 as indicated by 
thermometers expofed to the Sun's rays, Mr. de luc 
found that the differences of the common logarithms of 
the heights of the barometers at the two ftations, gave the 
altitude between them, in French toifes and 1 oooth 
parts : in which cafe the fpecific gravity of quickfilver to 
air was as 1 1 2 3 2 to 1 . When his formula is adapted to 
Englifh meafures, the zero of the fcale neceflarily de- 
fcends to 39.74, where the Englifh fathom bears the 
fame proportion to the modulus of the common loga- 
rithms, as, in the former cafe, the French toife did to that 
modulus, the equation for the intermediate temperature 
being now applied with the contrary fign. As it hath 
been fhewn, that the Britifh obfervations differ in their 
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circumftances from thofe on Saleve, and require a greater 
equation, it is unnecefTary to enter into any minute com- 
panion of the two fets : neverthelefs, that fome idea may 
be formed of the caufe, of part at leaft, of the difference 
that takes place between them, I have collected into one 
view, the computations of fuch as were made in extreme 
temperatures ; namely, the coldeft of thofe at Sun-riling 
(though the whole of that clafs were confidered as ex- 
ceptions from the rule); the coldeft and hotteft of the 
ordinary obfervations ; alfo thofe on the Dole^, at Genoay 
and at Turin, whereby the heights of the lake of Ge- 
neva and of Turin, above the fea at Genoa, were ob* 
tained. In the table it will be obferved, that there is a 
column for the reduced temperature of the air, on ac- 
count of the expolition of the thermometer to the Sun's 

(l) Haying recomputed the whole of Mr, de luc's obfervations on Saleve, 
and claffed them according to the months in which they were made, I intended; 
at one time, to have given a general table, .comprehending, the mean refults of 
all of them: however, this is now become unneceffary, lince a very refpe&able 
and ingenious member of this Society hath had opportunities of making many 
curious and interefting obfervations on thofe very heights, which cannot fail of 
being perfectly fat is factory; and who, at my requeft, was fo obliging as to 
determine the height of the Dole geometrically. On this mountain Mr, de luc 
had made barometrical, obfervations, whofe refults differing confiderably from 
the altitude, 4182 feet above the lake of Geneva, as taken bv Mr. fatio de 
duillier, made me fufpect there was an error. In faft it appears, from the 
lafl meafurement, that the fummit of the Dole is 4293 feet above the furface of 
the lake, which gives for the vertical diftance of Mr, de luc's barometer 
4210 feet, 

rays.i 
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rays: I apprehend that I have not exceeded, but rather 
fallen ihort, in the reduction, to what would have been 
indicated by thermometers in the ihade, perfectly free 
from dired and refleded heat, and with fufficient time 
allowed between the obfervations. Be this as it may, it 
is of no importance, as no other conclufion is drawn 
from thefe obfervations, than that of fhewing what, in 
my apprehenfion, might probably have been the cafe, if 
another mode had been adopted . 

From the table it appears, that when the temperature 
•bf the air is at 29°.5> the logarithmic excefs is T ^; and 
at 7 5 . 5 reduced temperature, the defe& is y||^ The 
fum of the two equations 7^- being divided by the dif- 
ference of temperature 46% we have, as in the Britifh 
obfervations, nearly 2.3 for each degree, which is greater 
than that applied by Mr. de luc's rule, in the proportion 
of 23 to 21. That too fmall an equation hath been made 
ufe of in thefe hotteft obfervations, fuppofing the origi- 
nal zero and temperature to remain, is fufficiently evi- 
dent: for -j-llo being divided by 42 the difference of 
temperature, we have, as before, 2.3 very nearly for the 
equation anfwering to each degree. 

Farther, if we confider the ratio of the weight of 
quickfilver to air, actually refulting from the obferva- 
tions themfelves, the fame kind of error (for I cannot fee 
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it in any other light) ftill exifts. Thus, in the coldeft of 
the morning, as well as in the ordinary obfervatiqns, when 
the temperature is at or near freezing, the mean ratio of 
the weight of quickfilver to air, is about 10850 to 1. 
When the obferved and reduced temperatures are re- 
fpe<5tively 41 ° and 35°, the ratio between them is that 
of 1 1 295 to 1, anfwering nearly to what hath been af- 
figned to them when the heat is 6 9 ». 3 2. Again, 
in the hotteft ohfervations of the 14th and i 5 th of 

July 1759, an< * aotl1 °f J ul y *7*>o, on the higheft, 
and confequently the heft ftations, when the obferved 
and reduced temperatures are refpe6tively 8i<\ 7 md 
7 5°. 6, quickfilver is to air as 12650 to 1. Now if we 
reduce this number 1 2650 by a proportionable part, foi 
the degrees of difference between Mr. i>e roc's zero 
69°.32, and the obferved and reduced temperatures re- 
fpe&ively, we ihall have, in the firft cafe* 12200; and 
in the laft, T2390 to i, for the ratio of the weight of 
quickfilver to air; either of which exceeds very consi- 
derably 11 232, which hath been afligned to them. 

With regard to the obfervations on the Dole, the de-~ 
fe<St is ~£, anfwering to the obferved temperature of 
6 6°. 6, and which is only reduced to 6$ Q . 2. On this 
great height, the ratio of the weight of quickfilver to 

■A- dXJL ,- 
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air^ is that of 12595 to 1. Mr. de la caille's obfer- 
vations at the Gape of Good Hope, annexed to the table 
containing Mr. de luc's, give a defe& of £jj^ when the 

temperature feems to have been ahout 58°, in which cafe 
quickfiiver was 11 68 7 times heavier than ain 

Now ifi from the aggregate of thefe obfervations, the 
fame method be adopted, as was made ufe M in the Bii- 
tifh, for finding the zero of the 
follows : 



we 



have it as 



By Mr. de luc's equation for the air and 
obferved temperature* 

CbldefUf the morn- «i ° ° ° 

ing obfervations, > 25*2 to 30.5 at 33.7 

from — J 

Coldett of the ordi-1 ^ , _ g 

nary obfervations, J '*•' " ~ 4*»9 " 3«* , 7 
Hbtteft of the ordi-1 , « , 

nary observations* / ' ~ 4 * 5 "* * 

On the Dole, — 59.2 - 71.5 - 27,6 

Light houfe of Genoa* 75* - 79. - 16* 

D£XA CAILLE's, — • 58, - 30;. 



Zero at — •• 



— 3^3 



By the manometrical equation 
and reduced. temperature. 

o o 

ftom 25,2 to 30,5 at 33,12 



*6. - 35* - 



1H 
75- 



35* 


- 3*»97 


n> 


- 36.3a 


70^ 

79. 
58. 


- z%. 

- 3 3**» 

- 3*35 



m*«m 



Zero at 33,12 



■*• 



fw,) It will even be found, though the catenation* are not inserted in the 
table, that the hotteft of Mr. deluC's morning obfervations, June 8th, 175S, at 
the 15th ftation* anfwering to the mean temperature of 5 7^5, and which I 
confider as the beft, becaufe no reduction is neceflkry for the expoiitiori of the 
thermometer, agree with the manometrical experiments, in requiring a greater 
equation than is wanted in extreme temperatures: for in this ca$* the 

mean of two obfervations gives a defect of tk$. for 25°«5 above fretting which 

JOOO 

is 2.57 for each degreej the ratio of the weight of quickfiiver to air being that 
of 12 196 to u, 

From 
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From the mean of theft obfervations, though the re- 
sults are irregular among themfelves, it appears fuffi- 
ciently evident, that if the morning obfervations on Sa- 
leve had been retained, inftead of being made exceptions 
from the rule, the zero of the feale would have de- 
fcended about 8°; viz. from 6g°.s to 6i°.4 of Fahren- 
heit, fuppofing always the equation a.i for each degree 
pf temperature, and the French toife, aa the ftandard 
meafure, to have been adhered to : for the French toife 
bears to the Englifh fathom, the proportion of 106575 
to 1 00000 ; wherefore J$^~~&~ zg .^*^ - 69^.4, 

denotes the relative pofitions of the two zeros, the inter- 
mediate equation —^ being to be fubtra&ed, when the 
toife is made ufe of. But it hath been fiiewn, that the 
mean expanfion of air is really greater, for fuch tempe- 
ratures at leaft as the barometer can be applied in, than 
what Mr. de Lire fuppofed it, in the proportion of 245 to 
sio; whence it follows, .thatis&-=:as .i8 + 3a ,l =57 a .i8, 
will denote the relative pofitions of the two zeros ; which, 
inftead of almoit 30 , are only diftant from each other a 
little more than 25 . 

From what hath been faid it is eafy to fee, that in cal- 
culating heights according to Mr. de luc's rale, when 
the temperature of the air is below his zero, which we 

may 
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rtiay take at 40% the Englifh meafure being /ufed, the 
common error in the refult will be equal to the fum-of 
the two equations, 2.1 + 21.45 =4-5 5. for each degree ; 

which amounts to £* parts for the 8° that the zero is toa 

1000 * 

high. Above 40 , the former error ^ will be augmented 

by the difference of the equations for each degree that 
the temperature is above his zero, viz. 2.45-2.1=:^ 
In either cafe it is to be obferved, that the progreffive 
rate of equation for the heat of the quickfilver is not 
here taken into the account; becaufe it will not prodtice 
any material difference, unlefs one^ barometer is much 
hotter than the other,at the fame time that their verti- 
cal diflance is very great. Thus the- 3 2d degree of Fah- 
renheit, or freezing temperature, which is fundamen- 
tal in all thermometers, happens, fomewhat remarkably, 
to be the zero of the fcale, when the Englifli fathom 
bears fuch proportion to the modulus of the common lo- 
garithms, as that their difference, in computing heights 
by the barometer, brings out the refult in fathoms. No 
other proportion of a meafure w T ill do it : for if we fup- 
pofe twenty-four of different lengths, between ours 
and the French toife, each furpaffing the other by 10 f o 3 0O 
of that toife, the zero of the fcale, in computing heights 
by thefe meaftires refpe&ively, will afcend a fingle de*- 
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gree on each; and the French toife being the 25th, will 
have its zero nearly at the 57th degree: about which 
temperature the expanfion of air appears, from the ex- 
periments, to be at its maximum. From that point, 
therefore, the equation will diminifh both ways, though 
by a quicker progreflion for condenfation, than it doth 
for dilatation. 

Having thus compared, in a general way, the refults 
of the Britifll obfervations with thofe of Mr. de luc, 
pointed out what feem to be the chief caufes of the con- 
ftant defecSl found in his rule, and thereby obtained, it is 
hoped, fome corrections tending to improve the theory 
of the barometer, when applied to the meafurement of 
heights in middle latitudes; it remains to fliew the prin- 
ciples, whereon the table for the equation of the air hath 
been conftruited. Previoufly however to this, it may be 
proper to compare, with as much brevity as pofiible, 
thefe obfervations, with others that have been made to- 

■ ■ * 

wards the Pole and at the Equator: from which it will 
appear probable, that the rule which anfwers in middle 
latitudes, will not in the frigid and torrid zones. 

In 1 77 3, Captain phipps, now Lord mulgrave, com- 
manding two of his Majefty's (hips then fenton difcove- 
1 ies towards the North Pole, meafured geometrically, with 
great care, the height of a mountain in Hakluyt's Ifland 

near 



meafuring Heights with the Barometer* 743 

near Spitzbergen, and found it to be 1503 feet above 
the level of the fea. On the morning of the 1 8th of Au~ 
guft, the following obfervations, at the fea-fhore and top 
of the mountain, were made with a fingle barometer, 
wherein the quickfilver had not been boiled. 

At 6 h. A.M. Barometer at the fhore, — — 30.040 therm. 50* 

7 h. 45' A.M. Ditto at the top of the mountain, 28.266 42 

8 h.,45' A.JVL Ditto at the top of ditto, — 28.258 *— — 42 
n h. 45' A.M. Ditto at the fea-fhore, — ■ 30:032 44 

Whence we have the following computations, equated 
for the times correfponding to the two observations at 
the top. 

7 b. 45' J 30.038 4 6°^046= 29,992! r+70. 143°]^ 

A.M. 1 28.266 42— 031 =28.235 J- 1573 1=44.5/41 ]"4* 

* h. 45' f 30.036 45°— 043=29-993] -j -3 j . ( + 7B.3 ] 43 1 , a 
A.M. U8.258 42— 031=28.227] ~ I5 ° I#3 I =49-5i 41 J 4 

Mean 1577.1 = + 47 



1000 




From thefe obfervations it appears that, inftead of the 
ufual equation .^, to be added to the logarithmic re- 

fult, in order to obtain the true height in Britain, when 
the temperature is 42% there is an excefs of y^i- : and, 
inftead of the ufual ratio of the weight of quickfilver to 
columns of air, of equal altitude and temperature in 
Britain, namely about 11 200, we have that of 10224 
to 1. 
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Thus air at Spitsbergen feems to be fpecifically hea*- 
vier, than that affe&ed with the fame heat and preffure 
in the middle latitudes: whence it fallows that, inftead 
of 3 2° which is found to be the zero of the fcale about 
the middle of the temperate zone, we fhall have ^y = 
i9°,2 + 42°= -6i°.a for the zero at Spitzbergen, within 
i o° of the North Pole. 

It is much to be regretted, that the French academic 
cians, when employed in meafuring the degrees of the 
meridian in Peru^were not fupplied with better barome- 
ters, and that they made not obfervations at correfpond- 
ing times ; fince the fcene of their operations was un- 
doubtedly preferable to any other on the furface of the 
globe, for determining many curious points with refpedt 
to the modifications of the atmofphere in the torrid 
zone : neverthelefs, by attending diligently to what Mr. 
bouguer (n) hath told us, of the fteadinefs of the baro- 
meter 

(n) He fays, that at the South Sea, Reaumur's thermometer, in the morn- 
ing before Sun-riling, flood at 19°, 20% or 21 ; and in the afternoon at 26% 
27 , or 28 . The refpe&ive means correfpond to 76°! and 92°^ of Fahren- 
heit, and make the mean heat of the day 84°!. At Quito the temperature 
continued at 1-4 or 15 , anfwering to 65°^ of Fahrenheit, At the fummits 
of Coracon and Pichincha, the thermometer flood in the morning feveral 
degrees below freezing, and varied 17 in the heat of the afternoon; whence 
the mean temperature at thefe higheft ftations, would probably be about 43°| of 
Fahrenheit. He farther fays, that in the torrid zone, whatever may be the 

mean 
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meter throughout the year; the uniformity of the mean 
temperature in every affigned ftation ; and his mode of 
computing, hy means of the tables of common loga- 
rithms, the altitudes of the Cordillera mountains above 
the valley thai: extends itfelf between them ; it will be 
no difficult matter to difcover, nearly at leaft, what fort 
of equation became neceffary ; and what were the rela- 
tive weights of quickfilver and air of the mean tempe- 
rature, not only in that high region of the atmofphere, 
but alfo at the level of the fea. 

Thus, by infpe£ting the table of computations, it will 
appear, that columns of air, whofe bafes were removed 
fix or eight thoufand feet from the level of the fea, and 
whofe heights equalled that diftance, when the tempera- 
ture was 55 of Fahrenheit, as determined from the 
mean between the coldeft of the morning and hotteft of 
the afternoon, the mean logarithmic defeil was only ^ : 
whereas, in meafuring heights near the level of the fea, 
in middle latitudes, the common equation for that tem- 
perature is about T -H^ The mean ratio of the weight of 
quickfilver to air, on thefe long columns comprehended 
refpe&ively between Carabourou and Quito, and the 

mean heat in any affigned ftation, it continues uniformly the fame throughout 
the year. In this rough efthnation of the temperature in Peru, it feemed unnc- 
ceflTary to examine, whether the true thermometer of reaumur wasufed or not; 
a.« it could produce no material difference, except at the very hotteft ftations. 

5 C '2 fummits 
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fummits of Pichincha and Coragon, is that of 1679-3 
to 1 . On the altitude of 1534 feet, intercepted between 
Carabourou and Quito, which fhort fedtion of the eo- 
lumn is about half-way between the level of the fea, and 
the fummits of the Cordilleros, the mean temperature 
being 66°, the ratio is that of 15089^0 1: hence it 
feems probable, that quickfilver would have to the dif- 
ferent feitions of the general column of air, compre- 
hended between the fea and the top of Coragon, nearly 
the following ratios : 

Temp. 

At the level of the South Sea, 84- 1 3 1 00 to 1 

Half-way from thence to Carabourou, 75- 14100 

At Carabourou, — — 66- 15 100 

Half-way from thence to Coragon, 5 & 1 6 1 o o 

At the fummit of Cora^on, — 43^ 1 7 1 o o 

(pimi< > » ■ 1 »» » . «— » 

Whereof the mean is, •— 65 1 5 1 o o 



» """ ' 1 ■ ■ »« 



Mr. bouguer tells us, that the barometer in the tor- 
rid zone varies not at the fea-fhore above two and a half, 
or at moft three lines throughout the whole year. At 
Popayan, its variation is only a line and a half; and at 
Quito a iingle line. Now let us fuppofe, that an altitude 
had been meafured with the barometer at the level of 

the 
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the South-fea, where the defcent of quicklilver at the 
upper ftation was exactly an inch in the mean heat of 
the day, anfwering to 84*-. On the former fuppofition 
of the weight of quicklilver to air, the height would be 
1:3 100 inches or 1 o 9 1 .7 feet. 

Hence \^° ^i" 1 ^ 2 ^ ] = 8 9 o.6 feet; 

^8.930 84j-l69=28.76lj ^ f 

the logarithmic refult, which is defective 201.1, or 
nearly -£^ parts. «. Now this equation being divided by 
2. 45. the mean expanfion of air, we have nearly 92 
for the difference between 8 4°^, the temperature of the 
obfervation, and the zero of the- fcale, which reduces it 
to ..-7°7 °f Fahrenheit. If it fhould be- thought that I 
have fuppofed the air to be too light at the level of the 
fea under the. equator, let it be taken to quicklilver only, 
at a mean between 1 3 1 00 and 12672, which feems to 
have been the ratio of their weights at Genoa, when Mr* 
be luc's temperature was 79 , and we fliall have 
1 2881 inches, or 1073.4 feet of air, for the counter- 
poife to the inch of quickfilver in the barometer: hence 
1073.4-890.6=^— g=^=83°.7, will denote the number 

of degrees that the zero of the fcale would, in that cafe, be 
below the temperature of the air, which brings it to within 
lefs than a degree of the cypher of Fahrenheit. But in 
middle latitudes the .zero of the fcale is at 32 , and the 
4 equation 
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equation, applicable at the level of the fea for the heat of 

84* j, is at moft only ^^ inftead of T ~^. 

Mr. bouguer found, that the rule which his expe- 
dience had furnifhed him with, for computing heights 
-with the barometer between the ranges of the Cordil- 
leras, namely, that of deducting ~th part from the 
number of toifes expreffed by the logarithmic dif- 
ferences, which agrees nearly with the equation ^ which 
1 have made ufe of in the table of computations, would not 
anfwer when he came to apply it at the level of the fea. 
He tells us, indeed, that the elafticities of the air, above 
and below, are there, as well as in Europe, exacSlly pro- 
portionable to its condenfations ; and even, that the in- 
tenfity of the elaftic force, or fpring of the air, is every 
where equal in all places of the torrid zone that are con- 
siderably elevated. The real condenfations in each place 
are proportionable to the weights of the fuperior columns 
caufing the compreffion; thefe condenfations being in 
geometrical, the heights are in arithmetical progreffion. 
But below the fame law doth not take place; becaufe the 
intenfity of the elaftic force is really confiderably lefs at 
the level of the fea, than it is at one or two hundred 
toifes above it, notwithstanding the efFe6l of the heat, 
which fhould render it greater. It is to be obferved, that 
Mr. bouguer hath not given us the obfervations whereon 
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he founded this laft deduction ; and his note on the text, 
-which I apprehend, neverthelefs, conveys his true mean- 
ing, is contradictory to it: for there he fays, that the di- 
latation occafionedL by the heat throughout the day, 
changed the diftribution of the weight with regard to 
all the places fituated within, the Cordilleros, as well as 
on other mountains, and made the lower feitions of the 
columns contain lefs and the upper fe&ions more air, 
than they ihould have done, had it been a perfectly 
elaftic fluid. 

Having now mentioned all the barometrical obferva- 
tions that have come to my knowledge, tending any way 
to throw light on this very intricate fubjedt, it remains to 
fiim up, from the whole, the general principles whereon 
I have proceeded in conftradting the table of equatiba 
ibr the heat of the air* 

It will be remembered, thatlhave more than once re- 
marked, that in the Britiflxobfervations, when the tem- 
perature was 5 2 , the defeat was ~^~, the lowermoft 
barometer ftanding at or near the level of the fea; but 
in the obfervations on Tinto, a confiderable hill apper- 
taining to the third clafs, whofe bafe is elevated 700 feet 
above the level of the Clyde at Glafgpw,- when the tem- 
perature was 5 2 , 1 found the equation to be little more 
than yiij. Again, thefe two . fa&s being compared with 
n> the 
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the aggregate refult of Mr. de luc's obfervations, where 
the lowermoft: barometer flood about 1300 feet above 
the fea, the equation for the fame temperature feemed 
not to exceed j±~. Laftly, thefe circumftances being 
confronted with the refults of Mr. bo uguer's obferva- 
tions, where the lowermoft barometer flood from 6000 
to 8000 feet above the fea, the mean equation for 55 
was only ^i, which gives y|^ for the heat of 5.2 . Now 
thefe Peruvian obfervations, which I believe to be ex- 
ceedingly good from the fteadinefs of the barometer in 
that part of the world, being fuhftituted in lieu of thofe 
not yet obtained in our own quarter of the globe, there 
feemed to me to be a Eteceffity for concluding, that the 
equation for middle latitudes, with any afligned tempe- 
rature above or below the zero of the fcale, diminifbed 
as the height of the place above the fea increafed ; which 
confequentiy implied, that the magnitude of the loga- 
rithmic terms increafed falter than the dilatations of the 
air. But when the comparifon was carried yet farther, and 
the obfervations in Peru and at Spitzbergen were fairly 
brought into one view, there appeared to be fufficient 
grounds for fufpedting, if not abfolutely for concluding, 
that there could be no fixed zero for the fcale depending 
on the temperature of the air; but that it would change 
with the denfity of the atmofphere appertaining to the 

latitudes, 
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latitudes, climates, or zones of the earth, where the ob- 
fervations were made. On this fuppofition it was natural 
for the rnind to form to itfelf fome general hypothefiis, 
which might ferve to account for the appearances; and 
the firft that prefented itfelf was the following : that the 
atmofphere furrounding our globe might poffibly be 
compofed of particles, whofe fpecific gravities were 
really different; that the lighteft were placed at the 
equator; and that the denfity of the others gradually in- 
creafed from thence towards the poles, where thehea- 
^ieft of all had their pofition N 

It is a w£ll known and eftablifhed fa&, that in the 
middle latitudes, a Nprth err North-eaft wind conftantly 
raifes the barometer, and generally higher as its con- 
tinuance is longer. The contrary happens when a South 
0r South-weft Wind blows; for I believe it is commonly 
loweft when the duration and ftrength of the wind from 

(0% It was fuggefted by Dr. george fordyce, that equatorial and Green- 
land air might be brought bottled up, and weighed in this country in air of the 
relpe&ive temperatures, by-means of a curious balance whereof he is pofleiTed, 
in order to fee whether any difference could be difcovered in their fpecific 
gravities. A thought ©f the fame kind, but more eaiily put to experiment, 
occurred to Lieutenant glenie, of the Royal Artillery, namely, that of 
weighing equatorial and .polar fea-water. To this gentleman I am obliged for 
his afliftance in part ©f the nmnometrical experiments, as well as in feyeral of 
the computations. 
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that quarter have been the greatefh Thus the 
North-eaft wind, by blowing for any length of time, 
brings into the middle latitudes a mafs of air heavier 
than that which naturally appertains to the region, and 
raifes the barometer above its mean height. The con- 
tinuance of a South-wefter carries off the heavy air, de- 
pofits a much lighter body in its ftead, and never fails 
to link the barometer below its mean height : hence, 
in the middle parts of Europe, there is a difference of 
about two inches and a quarter between the higheft and 
loweft ftates of the barometer. But fuppofing it to be only 
two inches, the difference of preffiire ftill amounts to 
~th part of the whole weight of the atmofphere. Now 
it is evident from the Peruvian obfervations, that the 
greateft flu&iiation of the barometer, which ia at the 
level of the fea, doth not exceed 0,226 of an inch, or 
■~d part of the whole preffure ; and if the change fhould 
be no greater at the poles,, which I think not impro- 
bable, it follows, that the meafurement of heights by 
means of the barometer, in middle latitudes, will be 
more precarious and uncertain than in the torrid and 
frigid zones. 

Such in general were the firft ideas which the compa- 
nion of the operations of the barometer with the effe&s 

of 
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of the North-eaft and South-weft wind (p) on that inftru- 
raent, fuggefted with regard to the different denfities of 
the atmofphere in the different zones of the earth. 

But fince the experiments on the expanfion of moift 
air have fhewn its elafticity to be fo much greater than 
that which is dry, I apprehend, that the fimple principle 
of heat and moifture may fuffice to account for all the 
phenomena. Thus it is univerfally admitted, that there 
is a greater degree of humidity and heat in the air, near 
the earth's furface, than there is in the higher regions of 
the atmofphere. The elafticity or expanfion of the 
lowermoft fe&ion (q) of every column of air, whether 

long 

(p) I have been well informed, that in China the North- weft wind raifes 
the barometer moft ? and is highly ele£hical; it is at the fame time the drieft 
and the coldeft; and at Canton, under the Northern tropic, there is frequently 
ice. On the Eaft-coafts of North America the fc verity of die North-weft 
wind is univerfally remarked; and there can fcarcely be a doubt, that the inha- 
bitants of California, and other parts on the Weft-fide of that great Conti- 
nent, will, like thofe on the Weft of Europe, feel the ftrong effects of a North- 
eaft wind. The extraordinary drynefs and denfity of the wind from the North 
pole, feems therefore to be occaiioned by its palling over the Continent of 
Europe and Afia on one fide, and that of North America on the other. Thofe 
who live on the Eaft and Weft-coafts of South America, will find the drieft 
and coldeft winds come to them refpe&ively from the South-weft and South- 
eaft. As the winds feem to be colder, drier, and denfer, in proportion to the 
extent of land they pafs over from the poles towards the equator, fo they appear 
to be more moift, warm, and light, in proportion to the extent of Ocean they 
pafs over from the equator towards the poles. Hence the humidity, warmth, 
and lightnefs, of the Atlantic wind to the inhabitants of Europe. 

(q) Mr. de luc feemsto have fufpe&ed fomething of this kind towards the 
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long or fhort, will confequently be greater than the up~ 
permoft fe&ion of it; for the heat, by difiblving the 
moiftuf e, produces a vapour lighter than air, which mix- 
ing with its particles, removes them farther from each 
other, increafes the elafticity of the general mafs, and 
diminifhes its Ipecific gravity comparatively more than 
it doth that of the fedtion immediately above it, where 
there is lefs heat and lefs moifture. Hence I infer, that 
the equation for the air, in any affigned vertical, will 
gradually diminifh as the elevation of the place above 
the fe'a increafes, and that it will vanifti at the top of the 
atmofphere. This is in fbme refpe<5t confirmed by the 
experiments an the expanfion of rare air; for from them 
it appears, when the particles are very far removed 
from each other, by a great diminution of preflure, as is 
undoubtedly the cafe in the higher regions of the atmq- 
fphere, they lofe a great part of their elaftic force. Thus 
the equation, anfwering t® any particular temperature* 
above or below the zero of the fcale, at different heights 
above the furface, will, I apprehend, be exprefled by the 
ordinate's to a curve of the hyperbolic order,, whofe cur- 
end of his Skh chap.^wr hs dtfficuhfo a vainer er ancfin that which follows, Be 
gives proofs of the lightnefs of vapours with regard to air, faying, that they 
point out fire to be their vehicle. He afterwards quotes newton with refpect 
to the lightnefs of a humid atmofphere compared with one that is dry* 

5 vature 
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vature may be fUppofed to change faft near the furface 
of the earth, and differ infenfibly from a ftraight line at 
great heights above k» 

With regard to the latitudinal equation, the feme 
principle of heat and moifture feems to make it proba- 
ble, that fuch will become neceflaiy in operating with 
the barometer; for it is well known, that there is a great 
degree of humidity in the air between the tropics; and, 
on the contrary, that the polar atmofpheres are very dry* 
The heat and raoifture being greateil at the equator, there 
the elasticity or elation will likewife be the greateft at 
the level of the fea; and the zero of the fcale will necefla* 
rily defcend to a lower point of the thermometer, than 
that to which it eorrefponds in middle latitudes. As the 
elaftieity of the air at the level of the fea, or equal 
heights above it, with the fame degree of heat, will al** 
ways be proportionable to the quantity of moifture dif~ 
folved in it, therefore it will gradually diminifh from the 
equator towards the poles; that is to fay, the zero of the 
fcale will afcend in the thermometer, coincide with the 
3 ad degree in th6 middle latitudes, and, in its motion 
upwards, wEl give the equation to be applied with the 
contrary fign in high latitudes; Hence I infer, that every 
latitude, climate, or zone, will not only have its particu- 
lar zero,, but alfo its particular curve, whofe ordinate* 

will 
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will always meafure the equations applicable in the re- 
fpeitive filiations. The equatorial curve will probably 
change the fafteft, and the others become gradually flat- 
ter, as they approach towards the poles, where the 
greater, but more uniform, denfity of the atmofphere 
may oecafion it to differ little from a ftraight line, I ap- 
prehend, however, that even at the pole fome fmall di- 
minution might be found to take place in the equation, 
was it poffible, in that region, to prove it by experiments 
at a fufScient height above the level of the fea. 

The table of the equation, depending on the heat of 
the air, annexed to this paper, is conftrufted for middle 
latitudes. It extends to temperatures from 1 2 to 92 of 
Fahrenheit; and for fituations fo greatly elevated 
above the fea, as to make the mean barometer between 
the two ftations ftand no higher than 1 9 inches. As the 
equation correfponding to the lower parts of the atmo- 
fphere, contained in the right-hand columns, will come 
more frequently into ufe than that appertaining to the 
higher regions, comprehended in thofe on the left; 
therefore, in the firft, it is given for every half; and in 
the laft only, for every whole inch of defcent of quick- 
fiiver in the tube. 

The equation found in the column of 29 inches, cor- 
refponds exa<5tly with the expanfion of air refulting from 

1 the 
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the manometries experiments ; and the ratio of diminu- 
tion, in the temperature of .52?, hath been taken from 
the Peruvian obfervations, fuppofing it to decreafe unir 
formly -~ on each inch, or —^ on the eight inches be- 
tween 2.9 and 2 1 . For the fake of fitiiplkity, as weU as 
from the want of fufficient data for afcertaining the 
lengths of the ordinates of the curve, the arithmetical 
hath been preferred to any progreflive diminution that 
might have been adopted, though by this mode, the re- 
sults would have agreed better with fome of my own,, as 
well as Mr. de luc's obfervations. In each of the co- 
lumns the* equations for particular temperatures, com- 
pared with that for 1 2 or 92% are reciprocally propor- 
tionable, fo that the maximum of the rate always cor- 
refponds to the fpace between 52° and 7 2 , as indicated 
by the manometer. It will be obferved,,that though the 
equation in, the table is only given for every 10^ of dif- 
ference of temperature, yet, by the intermediate rates. for 
fingle degrees in the columns refpeitively , and the ratio 
of diminution for the height of the mean barometer 
above the fea, expreffed in that towards the right-hand, 
the equation for any particular temperature may be rea- 
dily obtained. The application of this table makes the 
third part of the rule, for meafuring heights with the 
barometer. When the mean temperature of the column 

of 
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of air is above 3 2° of fahrenh^Ws thermometer in tfee 
fhade, add the equation cort?fef|idjidiiig to the tempera- 
ture and height of <jnidlcfil^er in the mean barometer^p 
the logarithmic altitude ; when "below 32% fu^trauSt the 
equation from the logarithmic altitude; the fummthe 
Brit cafe, and difference in the laft, gives the real iheight, 
feefides the table of equation for the air, adapted to the 
meafurernent of the greateft acceflible heights the baro- 
meter can poffibly Be applied to in middle latitudes, I 
have annexed, for the ufe of thofe who may prefer Sim- 
plicity, and ft ill doubt of the vertical -'diminutions a ther- 
mometrical fcale of the equation, fuited to Eriglifliana 
French meafures, with their reipe&ive thermometers • It 
will readily be conceived, that the divifions, exprefling 
the 1060th parts in this fcale fr) , are unequal, fiftce they 
follow the in verfe ratio of the thermometries! compared 
with the manometrical degrees. Where thefe Ml are 
the greateft, as between 5 a and 7& , the divisions ex- 
preffing the equation are the fmalleft/becaufe a greater 

(r) Any fcale of t&'is 'kind, unlefs it had been mechanically divided by a 
tmathematical inftrument-maker, could not be rendered very exalt ; and it may 
be expe&ed, that the imperfections in the original will be augmented in copy- 
ing by the engraver, notwithstanding the utmoft care on his part : wherefore^ 
on the left-hand fide of the plate, I have annexed the number of degrees and 
decimal parts of ifahrekheit, below the temperature of o,Jt°.88, corresponding 
to every T £§^th parts of the equation, by which means the unequal fcale may, 
at any time, be dWidsd with fufficient accuracy, 

number 
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number of them correfpond to the fame thermometrical 
fpace. When the height is required in fathoms, the 
zero of Fahrenheit correfponds to -71.72, and the 
boiling point to +412.49; the fum of the two equa* 
tions 484. 2 t is the actual expanlion of common air from 
the heat of 2 1 2 . When the French toife is made ufe 
of as the meafure, the zero of the fcale hath been fhe wn 
to coincide with 57°,i8 of Fahrenheit, or + ii°~ of 
Reaumur. The negative equation i34°.72 anfwering 
to -i 4 °j of reaumur, and the pofitive 3 49°.49 co*~ 
refponding to + 8o°, or the boiling point, being added 
together, make again 484*21. 

In order to convey a more diftin<St idea of the effedt 
which heat produces in the dilatation of different kinds 
of air, compared with quickfilver, along with the fcale 
for the equation I have placed another, 6xpreffing the 
a6tual and relative expanfions, refulting from the mean 
of the experiments, for every 20 of difference of tem- 
perature. This fcale is intended to give a comparative 
view of the manometrical with the thermometrical 
fpaces, mentioned in the fecond feftion. 

I lhall now clofe this paper, which hath already 
greatly exceeded the limits I wiflied to have been able to 
prefcribe to it,with a few remarks on the error of the rule, 
perceivable in the tables of computation, and the mea- 
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fures that fhould, in my opinion, be taken to bring the 
theory of the barometer to a ftill greater degree of per- 
fection, fuch as I believe it to be really capable of. 

By infpeition of the tables containing the computa- 
tions of the Britifh obfervations, it will be feen, that the 
error of the rule is in general very fmall. In the Lon- 
don clafs it is greateft on Shooter's-hill, making the 
height five feet too little. In thofe at Taybridge, one of 
the obfervations on Schihallien gives a defective refult of 
294 feet; but this is eafily accounted for, as it certainly 
arofe from the fliort time given to the barometer to lofe 
the heat it had acquired in carrying upwards, thofe 
deflined to obferve at the fummit arriving there too late, 
that is to fay, towards the expiration of the whole hour 
which the inferior barometer had been obferved in. Onq 
of the obfervations on Carmichael-hill, though a fmall 
height, is defective eight feet, which I afcribe to the 
South-weft wind and humidity of the air. From the 
fame caufe I would account for the uniform defeat in 
the firft part of the Edinburgh obfervations : in the laft 
part of thefe, the circumftances having changed, the er- 
ror hath the contrary lign. In the Linhoufe clafs of ob- 
fervations, the fame caufe of defeat appears on the 1 ft 
of December, 1775, an< * on the 20th of November, 
and 1 7th of December, 1776. The only refult which I 

confider 
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confider as very irregular, and do not pretend to account 
for, is that fpr the height of Moei Eilio, a hill fituated 
between Carnarvon and Snowdon: the real altitude 
2371 feet, is exceeded by the barometrical refult 2 1 feet, 
though the circumftances were fuch as, in other cafes, 
generally make it fall fhort. 

At the bottom of the tables of computations I have 
pccafionally fubftituted Mr. de luq's equation for the 
air, in calculating one or more of the greateft heights, 
that the difference between the two methods might be- 
come more obvious. Thus the firft obfervation pn Schi- 
hallien is defe&ive 67- feet ; the mean of thofe on Tinto 
29 feet; Moel Eilio 41 feet; and Snowdon 81 feet. 

With refpedt to the refults that the rule produces on 
Mr. de luc's heights it will be obferved, that it anfwcra 
very well in the cold obfervations, which, with his rule, 
were often defeitive 60 or 70 feet; but gives too much 
in thofe that are hot. If, however, the whole of thefe 
hot obfervations had been included, the apparent error 
would have been lefs; for the mean defeat was taken at 
•i^lo for the hotteft temperature, whereas itfometimes 
amounts to T y^. On the height of the Dole the rule errs 
in defeit; and on the mean of Mr. de la caille's ob- 
fervations, at the Cape of Good Hope, it exceeds the 
truth. By fubftituting Mr. de luc's equation for the air, 

5 E 2 in 
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in the computations of the Doie and Table-hill, the re- 

fpe&ive refults are defective 96 and 62*6 feet. 

To the Britifh obfervations a table is annexed, con- 
taining the barometrical computations of altitudes not yet 
determined geometrically. In the chief part of thefe the 
inferior barometer ftood at Belmont-caftle, the feat of the 
lord privy-feal for Scotland, by whofe directions the cor- 
refponding obfervations were made. This table like wife 
comprehends Mr. banks's obfervations in 1772, for the 
height of the South-pap of Jura, above Freeport in the 
ifland of Ilia, and thofe he made the fame year, to ob- 
tain the height of Mount Hecla, above Hafniford in 
Iceland. 

Laftly, it is to be obferved, that in the application of 
the table, the equation found in the columns 29I, 30, 
and 30-, will never come into ufe, except in themea- 
furement of fhort columns of air, whofe bales Hand at, 
or not much above, the level of the fea A/ . la an ifland, 

whofe 

(s) Having been accuftomed, from the beginning > to call the ftation of the 
inferior barometer the place of obfervation, and to fuppofe the mean height of 
its quicklilvfrr to denote the elevation of the place above the fea, for the fake 
of iimplicity 1 adapted the formula to the height of quickfilver in that baro- 
meter, and made all the computations in the tables accordingly. But it having 
been fuggefted to me, firfr. by Sir george shuckburgh, and afterwards by 
Mr. de luc, that thi$ mode, though the eafieft, was not ftri&ly accurate, nor 
^ouuiienfc with the principles whereon a vertical diminution of the equation for 

the 
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whofe climate is fo very variable as that of Britain, fet- 
tled weather fhould be chofen as the beft time for obfer- 
vations. With any fudden fall of the barometer, in any 
affigned ftation below its mean height, it is apprehended 
that the rule will have a tendency to give defective re- 
fults; and the contrary Ihould happen when, from the 
increafed weight of the atmofphere, it rifes much above 
the mean height. 

From what hath been faid in the courfe of this paper, 
it will be perceived, that though the error of the rule is 
in general very fmall, yet now and then fuch irregulari- 
ties do occur as plainly fliew, that fomething ftill remains 
to be done, in order to perfect the theory of the baro- 
meter. 

The exiftence, or otherwife, of a latitudinal equation 
being a point of the greateft confequence, ihould be de- 
termined with fo much care as to leave no doubt remain- 
ing oh that head. And as this can only be effected by 
differences that are extremely obvious, the obfervations 
for that purpofe Ihould be made at the equator, and as 
near as poflible to the poles (t K Peru is no doubt the bell 

fituation 

the heat of the air was founded, I have iince changed it to the mean barometer, 
or middle of the column of air intercepted between the two ftations. in this 
way all the great heights have been re-computed: the fmailer altitudes, not 
being fenlibly affected by the alteration, continue as at firft. 

(t) Some idea may be formed what altitudes on the furface of the globe are 

acceifiblc 
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fituation on the globe for conclufive equatorial obferva- 
tions ; but as it would be found very difficult to carry any 
fcheme of that kind into execution, fuch as may be more 
eafily obtained in our Weft India iflands, which have the 
higheft mountains, would be very fatisfa&ory with re- 
fpedt to the expanfion and weight of moift air, at dif- 
ferent heights above the furface. At the tops of the 
mountains in the torrid zone, the obfervations would 
always be fufficiently cold ; but it would be of ufe like- 
wife, to have the coldefl: poffible at the level of the fea, 
under or near one of the tropics, when the Sun was in 
the other* 

With regard to obfervations in the frigid zones, Spitz- 
bergen feems to be as proper a fituation as any ; though 
others may no doubt be found in the Northern parts of 
the Ruffian empire: and it is prefumed, that the Pe- 
terlburg academy would direct the experiments to be 
made. 

acceffible to man, by confidering the height above the fea of the inferior line 
of perpetual fnow. In the middle of the torrid zone it appears, from Mr. 
90UGUER*« obfervations, to be elevated 5201 yards, and 4476 about the tro- 
pics. In middle latitudes there is everlafting fnow on the mountains at the 
height of 3300 yards. In the latitude of 8o° North, Lord mulgrave found 
the inferior line of fnow to be only about 400 yards above the fea: whence we 
may conclude, that the furface of the earth, at the pole itfelf, is for ever 
covered with fnow* 
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The Peak of Teneriffe, iEtna, the mountains of Au- 
vergne and Rouffillon, as well as Hecla in Iceland, are all 
very proper for obfervations in intermediate latitudes. 

Within the ifland of Great Britain, Ben Nevis feems 
to he the beft mountain for barometrical obfervations, 
becaufe of its* great height, its vicinity to the fea, and 
that there is very good ground clofe to its foot (which is 
rarely the cafe in the Highlands) for the meafurement 
of the bafe that would be made ufe of in the geometrical 
operations . 

One of the chief caufes of error rn barometrical com- 
putations, I apprehend, proceeds from the mode (though 
fimplicity is m its favour) of efti mating the temperature 
of the column of air from that of its extremities^ which 
muft be faulty {u) in proportion as the height and dif- 
ference of temperature are great. Where very accurate 
conclufions are expected, fimultaneous obfervations, at 
different times of the day, and different feafons of the 
year,, fhould be made with feveral barometers, placed at 
different heights, each accompanied with a thermometer 
and manometer. By this method, the progreffion of 
temperature, as well as the law of diminution of the 
equation, from the pofition of the inferior barometer 
above the fea (if fuch diminution doth really take place) 

(u) This is taken notice of by Mr. de luc- 

would 
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would Jbe obtained with certainty. Suppofing, for in- 
ftance, Ben Nevis was divided into four fe&ions, five ba- 
rometers, with as many obfervers, would be neceffary. 
This number may feem great, but the expence of peo- 
ple employed in that way would be inconfiderable. And 
if it ihould be judged proper, there could not furely be 
any great difficulty in providing reafonable accommoda- 
tion for an obferver, who Ihould live a whole year at the 
top of the mountain, while another made correfponding 
obfervations below. 

But the perfe&ing of the theory of the barometer is not 
the only advantage that would accrue from a combina- 
tion of thefe obfervations ; for, while they were carry- 
ing on in ditFerent climates, or zones of the earth, good 
opportunities would offer of determining the refradtions, 
as well as the force of gravity and figure of the globe, 
from the vibrations of the pendulum. 

The mean expanfion of common air is already found 
to be greater than what was formerly fuppoied; where- 
fore the mean refra6tion will be altered proportionably. 
And fince the expanfion of moift air is found to be fo 
much greater than that of common air, a larger field for 
inquiry and inveftigation is now laid open. 

With refpeft to the experiments with the pendulum, 
Mr, bouguer fcems to have been the only perfon, fo far 

as 
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as I know, who hath taken the denfity of the medium 
in which it performed its vibrations into the account, and 
given us its length at the equator in vacuo. But if we 
are to judge of the denfity of the air in the frigid zone 
from the barometrical obfervations at Spitzbergen, the 
pendulum there muft have loft fo much of its weight, as 
to have leffened confiderably the number of vibrations 
below What they would have been in vacuo, in the fame 
temperature. Having considered the effedl that this 
would produce, I cohered the beft experiments that 
have hitherto been made with the pendulum into one 
view, and having applied the equation that the denfity 
of the air, in which they feverally vibrated, feemed to 
require; I found from computation, that the ratio of the 
diameters of the earth is (as Mr. bouguer fuppofed it) 
nearly that of 178 to 179, inftead of 229 to 230, as 
eftimatedby Sir isaac newton, and which agrees very 
nearly with the mean refult from the meafurement of 
the degrees of the meridian- The experiments with the 
pendulum are fo fimple and eafy, may be repeated fo 
often in ail Situations, and are fo much more confiftent 
with each other, than the meafured lengths of degrees 
of latitude, 'that it appears to be incomparably the beft 
method for determining the figure of the earth. And if 
it fliould really be fowid fo flat a fpheroid as the pendu- 
Vol. LXVIL 5 F lum 
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lum feemsto make it, both parallaxes and refra&ions, 

'will require correction. 

Upon the whole, though I wiflaed to be concife in the 
recital of the experiments and obfervations contained in 
this paper, yet I found it neceflary at the fame time to be 
explicit. Some of them were either entirely new, or ma- 
naged in a different manner from w r hat they had for- 
merly been. This forced me into a comparifon of many 
minute circumftances attending the operations, and to a 
tedious, though neceflary, combination of the various 
refults. Without taking a comprehensive view of the 
whole matter, and ftating every thing with fairnefs and 
candour, I could not convey to others the ideas I enter- 
tained of it myfelf ; nor enable them to judge, how far I 
had been juft in the conclusions already drawn, or con- 
fident in my fuppofitions concerning fuch points as are 
yet left doubtful. If I have been obliged to differ from 
Mr. be luc, it is becaufe the Britifh obfervations, as well 
as his own (confldered by their extremes) feem to autho- 
rize it: he is himfelf too candid to fuppofe, that I have 
had criticifm in view, or indeed any other obje£t, than 
that of contributing toy mite towards the difcovery of 
the truth, from the very good foundation which he hath 
already laid for it. I am aware it may be alledged, that 
I have rendered the theory of meafuring heights by 
5 the 
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the barometer fo much more complicate and difficult, 
as perhaps to deter others from applying it to ufeful 
purpofes. To this I aniwer, that though it feem utterly 
impoffible to render what is really intricate in its na- 
ture, extremely fimple; yet that the beft and fureft 
method of arriving at fimplicity at laft will, in the frrft 
place, be to afcertain the limits pf deviation of the 
rule, by a proper number of good obfervations, made 
in circumftances and fituations as different as poffible 
from each other. In the prefent ft ate of the matter, I 
doubt not but the barometer will be found to give re- 
fults fufficiently near the truth for all ordinary purpofes, 
the nicer bufinefs of levelling alone excepted* It is the 
only inftrument by which the relative heights of places, 
in very great and diftant tradts of country, can eafiiy and 
fpeedily be obtained, by the preffure of the atmofphere 
alone. The method of ufing it is attainable by all, re- 
quiring only a little habit, and feme degree of attention 
to prevent the admiflion of air into the tube. Few peo- 
ple are qualified for the tedious and very laborious ope- 
rations of accurate geometrical meafurements. Moun- 
tainous countries rarely afford bafes of fufficient length, 
which, to avoid error, muft be meafured again and 
again with the utmoft care. Inftruments of the moft ex- 
pensive kinds muft be employed to take the angles ; at 
tlie fame time that a thorough knowledge of their ufe, 

5 F 2 and 



77<> Col. roy's Experiment Sy &Pe. 

and a fcrupulous attention to their various adjustments, 
become indifpenfably neceflary. In fhort, the facility of 
one method, compared with the other, is fo exceedingly 
obvious as to need nothing elfe to recommend it as a 
fubjecft very curious and ufeful, and therefore well wor- 
thy of the refearches of philofophers, till, by their united 
labours, it hath been brought to perfection. 
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1 




■ 

* *<r .*•% mt ** 



Pagoda in Kew-gar- 
dens, 1 16.5 feet. 



A.M. 



<t3 



11 



Gun-wharf of 
Woolwich- warren, 
and upper ftory of-} 
ShooterVhili inn, I 
444 *eet* 



Sept. 2. io h 15' 
AM* 

1773, Dec, 20. i h 
22' P.M. mean of 
6 obfervations with 
3 barometers. 

1774. Apr. 27. 4 h 
P.M. mean of 4 obf. 



■ 



Apr. 27. 6* 30' P.M. 

mean of 2 obf. 

Apr. 28. s h A.M. 
mean of 5 obf. 



J 

1 
j 



29.631 

29.294 
28.9l8 

29-3S 1 
29.226 

29.762 
29.282 

29-773 
29.302 

29,805 
29.336 



6O 
6O 

49* 
49? 

57$ 

5&i 

54 
55i 

48| 



•O9I 

-O89 
-O84 

-052 

-082 
-077 

-P72 
-074 

~04I 

-053 



29.54O 

29.205 
28.834 

29*299 
29.174 

29.680 
29,205 

29.7OI 
29.228 

29 764 
29.283 



}334« 



f L 333-* 



i in.. 



420.4 



[418.^ 



1 = 






424.5 



{ 



54» 
-18.9 

56.8 

■ 5- 1 
45 8 

•236 
56.1 

•25-7 
61.4 

-19-5 

146. 



58* I' 

59l "I 
59l J 

49* J 

Sol. * 

5»i I 

49 

492 

43 

I 

4 1 ? 



60 



59i 



1 



49 



1 

4* 



55* { 

•9* { 

• 2 f { 



^W^ f* ' " »# »! ■ 



6o 



59i 



=23-4 J 

+ 69. 1 

=23. ] 



49 



1 

4 



ssi { 

i 

49! { 

42 -g <j 



+43-3 

in 4«8 

+ 59,2 
=24.9 

+ 43-5 
rri8 2 

+ *4*5 ] 
=rl6 4 j 



357-4 



35 6 ** 



116.2 



445-3 



43 6 -5 



4349 



1 



Y 43 8 >9 



■°*3 



i 



•5*i 



11028 



i 1 355 



1 1 184 



11170 



11217 



1 1077 



mQ0mmmi**mmm><*i #m mmm *t m *m m mmmmqpm 
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N° II. Computations of barometrical obfervations made on heights ne 

and N° III. of thofe near Lanark. 



wMtdbmim w M i *mmem n ********** r»* ** >Nnw»^» i - i — «»»»■» i... »« 



■ «»«■» -»—■« # I— WM IK jIi .1 l< MH I| 



N° II. near Taybridge. 



1 



Geometrical heights 
of the ftations in feet. 



!> 



Station at Weem, 
and top of Weem- 
craig, 700I feet. 

Ditto flation, and "1 
top of Bolfrack's > 
cairn, 1076! feet. J 

Ditto ftation, and 
top of Dull-craig, 
1 244J feet. 

Ditto ftation, and "J 
top of Knock- fade, f 
1364! feet. J 

Ditto, llation, and"! 
that in Glenmore, > 
1279! feet. J 

Ditto ftation, and"} 

South obfervatory on I 

Schihallien, 20.98 ft. J 

Ditto ftation, and | 
Weft fummit ofl 
Schihallien, 328 1* 
feet. 

Station in Glenmore, 
and the South obfer- 
vatory, 818.76. 



Date of the obferva- 
tions, winds, &c. 



1774, July 16. ii h "] 
30' A.M. bright > 
Sun-fhine. J 

July 16. 6 h 3o'P.M. 
calm and cloudy. 

July 18. 7 h 20' r 

A.M. I 

July 1 8. 5*4' A.M. j 
July 12. 7*30' P.M. j 



July 1 1. 7 h 30' P.M. - 



July 1 1. 7 h 30' A.M. 
July t2. 5 h A.M. j 



July la. 8 h P.M. 



(A U I 

^ 2 rt 

%&% 

2 d 



g <** d 



J-l * 



3 



29.996 
29.237 

29*933 
28.788 

29.825 
38.500 

29.816 
28.347 

29.528 
28.161 

29.643 
27.432 

29«595 
^6.194 

29.610 
26.223 



28.161 
LI27-325 






69°! 

6i| 
S«* 

ss 

SSi 

Si 

58 

s 1 ! 

58* 
48 

59l 
46 

5°l 
44 



O f 

ut (J 
, "-» 

3 ° *: 

p *J «u 

W -fa va 



w t 




ti *> 








••H O 




.d "* 




IS «> 




£J Ja 




«3 *-» 


(A 




J-4 
V 



— 122 
— 107 

—O97 
—083 

-086 
—O72 

—077 
-059 

—O84 
O6O 

—O86 
—048 

—O89 

— 040 

T-O62 

— °35 



51} —060 
4 8| (—050 I 



29.874 
29.130 

29.836 
28,705 

29*739 
28.428 

29.739 
28.288 

29.444 
28.101 

29-557 
27.384 



S <£5 

4-» CI 
* ir« » i~» 

o^ 



} 6 57« : 



29.506 
26.154 

29.548 
26,188 

28.101 
27.275 



1007, 



1 1 74, 



i3°3*5 



1216.5 



1989.8 



J 3*42-3 



3*45-5 



The obfervatmn on Schihallien on July f i, by Mr. de lug's 

equation for the air, «** — • 



} 

} 777< 
} 3i4*3 



t«»^t "* " w 
V qj rt ^7 

nJ tj C3 O 



mfmammmmmwmmttm 



-43.2ft. 

65^ 

1000 

— 69-5 

=: 69. 

— 70.2 
= 60. 

— 61. 
zz 46.8 



{ 



— 62.7 
= 5^6 

— 108.2 
= 54-4 

—138.7 

= 44.1 

— *3S-5 
= 43-* 

— - 4^.4 
= 53-2 



Temperature 
of the air, 



.-A-. 



Parti- 
cular. 



65°! 
60 

60 
56*. 

57 
55 



} 



54 1 

48§1 

55 1 
S*il 

58 1 

471 J 

5 6 

45 

50J 1 
42 

5i§^ 
48 



Mean. 



62 ! 



581 



56 



5i| { 
53l { 



sn 



5°1 



46 1 



49 



.4, 



5°°-5— 39°«7 = io°«8 x 2. 1 



N d III. near Lanark. 



Level of the Clyde 
at Lanark Bridge, 
and the ftation at < 
the garden, 3 62f 
feet. 



Level of the Clyde, ^ 
and Stonebyre-hill, Y 
654 feet. 4 J 



1774, Aug. 20. 6* j 
30' A.M. { 

Aug. 23. 3^ 8' P.M. j 

Sept. 5. 8 h A.M. j 
Sept. 7. 7 h 47' A.M. j 



Sept. 7. 9 h A.M. < 



Sept. 7. 8 h 15' A.M. < 



29.776 
29-3 8 3 

29.956 
29-5 6 3 

29.626 
29.232 

29.864 
29.467 

29.886 
29.488 

29.872 
29.148 



621 

6i| 



6 4 | 
65 

52| 

5°i 

5°l 
51 

5°I 
51? 

48| 
46J 



— °99 
—094 

— 107 
— 106 

— 067 
— 060 

—061 
— 062 

— 061 
—063 

—o55 

——O45 



29.677 
29.289 

29.849 
29*457 

29-559 
29,172 

29.803 

29,405 

29.825 
29.425 

29.8l7 
29.IO3 



} 



342-9 



} 344-5 



343-4 



35°; 3 



35i-8 



631.6 



{ 

1 = 



■19.6 
57-* 

■18. 
52-3 

19,1 
55-6 

12.2 
34-8 

10.7 
3°-4 

■22.4 
354 



62 i 
62 

63 

63 j 

52| 
49§ 



45 

A A. 

47 
41 

46 

45 



} 



1 -> 
4 

i 
4 j 



62 



63 { 



5 1 



44 



A.A. 



454 



M 
{ 



{ 



its near Tay bridge in PerthJhire; 



■MawtMMMk3 



rature 
! air, 

- - 

Mean. 



62°i 



SH 



56 



Si| { 



S3* { 



sn 



s°i 



46f 



« .fit «o 

" 8 * 

>*■» o ^ 

S •-« ts <U 

s ? 5 c 






'<-* £-,. .1 



49 



4 



X2.I 



4. J£- 
' xooo 

—50.0ft. 

+ 67.5 1 

= 68.5 ) 

+ 60. I 

= 7°.4 J 

+ 47-5 
=i 62. 

4- 5*- 
= 63.2 



+ 5 1 
= 10 



i. *] 
*-5 I 



+ 43-5 



43-6 "I 
3^-7 J 



+ 34-3 
= 107. 



+ 42« "1 

= 32.6 ) 



+ 22.7 
= 7i-3 I 



32 



3 3 



S 1 



{ 



44 



tj 



{ 
*{ 



4- 


74- 
25.4 


■ ■ J ■« 


77.8 
26.8 


4* 


46. 
15.8 


4- 


3°-5 
10.7 


+ 


29. 
10.2 


4- 


32.3 

20.4 



3^-3 



37i-3 



359- 2 



361 o 



362 o 



652. 



Refult by 


the rule. 


Error 


i> 1 u 






■ 


of the 




A 


Mean. 


rule in 
feet. 


O ° ^n 
. _, <J *_» M < 

rt "Si •-« toO 

! 


Particu- 
lar. 


707.8 


■ 


■■ 


4- 7.6 


!: 

1 

I I 249 


I07S-S 


M 




■ 

— 1. 


1 
II382 


1244*4 


- 


< 


■ 


■ 

1 *354 


i3 6 S-S 


1 


<~ 


+ i. 


i 
I 1254 

• 


1279.7 • 




- ; 




^1396 


209.1.3 


"-* 


tM« 


6.7 


"554 : 


3279» 


- 


- 


— 2. 


I 1693 


32S2-S 


md 


- 


— 29-5 


I I69O 


810. 






— 8.8 


«285I 


3213.6 


m 


1 


—67.4 


- 

- 



? 364.4 



• 

J 



4-1.9 



•2,0 



1 1083 ' 



II182 



IO87S 



IO946 



Level of the Clyde, 1 
and Stonebyre-hill, Y 
654 feet, J 

Carmichael-well, 
and Weft-end of 
Carmichael-hillj 
45 1 § feet. 



Carmichael-well, 
and top of Tinto, 
four feet below the * 
fummit of the 
Cairn, 1642.5 ft. 



Sept. 7. 8 h 15' A.M. < 



July 30. 5 a 40' P.M. ^ 
S.W. wind, begin- *► 
ning to rain. J 

Aug. 1. ii h 4o'A.M. 



June 30. 1*30' P.M. f 



July 30. 6 h A.M. , 



Aug. 2. 8*15' A.M. 

Aug. 27. n h 50' 
A.M. S.W. wind. 

Aug. 27. i h 4o'P.M. 
hail. 

Aug. 27. i h 5o'P.M. i 



29.872 
29.148 

29.162 
28.690 

29.612 

28.991 
27.284 

29 063 
27.335 

29.608 
27.846 

28.710 
27.008 

28.736 
27.032 

,28.716 
27.010 



481 
46J 

56 

S4i 
60 



6 if 

55? 



5*1 
46! 

54* 

471 

59i 

S3? 

6o| 
S3 

SH 



— °SS 

——045 

O76 

O7I 

—O86 
—089 

— °93 
— 069 

— 062 

-043 

—072 
—048 

—087 
-063 

—09a 
— 062 

—083 
—06 r 



29.817 
29.103 

29.086 
28.619 

29.526 
29.046 

28.898 
27.215 

29.001 
27.292 

29-S3 6 
27.798 

28.623 
26.945 

28.646 
26.970 



28.633 
26.949 



631.6 

i 421.8 



> 427.1 



J 1563.6 
I ,1582.6 
} 15*0.3 



'57* 



1579-5 



-22.4 
= 354 

-29.7 
: 7°-3 

: 57-* 

-78.9 
: 5°-5 

•59-9 
■■&• 

•62.2 
■39 3 

-72.2 
•■46. 

■7 1 «5 

=45«S 

-63. 

■4.0. 



46 
45 



3 -, 
4 
3 

4 j 



54! n 
53l, 



S7 1 
54l J 



58 
Si 

S 1 

44 

Sif 

44l 

SSi 
47! 

55% 

50 



} 



} 



45 



*{ 



54 



55i 1 
48|| 



S4 



471 



48 



5if 






52 



{ 



H 



Mean of the obfervations on Tinto, with Mr. de luc's equation 

for the air, — — 



Y 



J 574-5 5 lC — 39°-7 = II -3X2.i 



WX 



|PW|*f»»»Wm» > i«j H <« <*■* 



>^Ml|iM*«HMr>«^to> 



rS 



«{ 



54 



£4 



tfi 



& 



i"tI 

>*2 



>*-4 



;a 



:2.i 



{ 



+ 32.3 

=: 20.4 
+ 52-3 

— A A* 

+ 57 1 1 

= 24.4 J 

+ 53- 
= %3-3 

+ 3 6 -4 

- 57-4 J 

+ 39 6 

=: 62.4 

4- 45-6 
= 72.3 

+ 49- 1 
= 76.8 j 



4- 46,4 - 

= 73-3 ; 

+ 24.8 

= 39- 



652. 



443,8 



4Si-5 



1646 9 



1640. 



1642.7 



1642.6 i 



1647.8 > 



•2.0 



10946 



-7*7 



11 



43° 



1 1684 . 



11412 f 



> l5 45-5 



4-3.0 



1 1 704 



1652.8 J 



1^3-5 



. .1 



—29, 
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N° IV. Computations of barometrical obfervations on heights n 



Geometrical heights 
of the ftations in feet. 



Leith Pier-head, and 
Calton-hill, 344 feet. 



Leith Pier-head, and n 
top of Arthur's r 
Seat, 803 feet. <* 
Leith Pier- head, and ^ 
Kirk Yetton cairn, r 
1544 feet. 
Oilton-hill,andKirk- 
Yetton cairn, 1 200 
feet. 



Date of the obfer- 
vations, winds, &c. 



w 
V 



1774, Aug. 12. 5 h 
20' A.M. 

Aug. 15. 6 h 45' 
A.M. 



} 

} 



o a 



^ S 2 



Aug. 15.0*1 5' P.M. 1 
S.W. wind and rain. J 

Aug. 15. 5 h 15' A.M. 1 
S.W. wind and rain. J 

Sept. 15. io h 30' 1 
A.M. S.W. wind. J 



} 



Level of Hawk-hill 
ftudy, and bottom 
of Small- rock, 7.4 < 
ft. below the top of ' 
Arthur'sSeat,702.4 
feet. 



Sept. 15. i h i5'P.M. 
S.W. wind. 

1774, Dec. 1. 2 h 45' 
P.M. 






Dec. 10. 9*46' A.M. { 



Bafe of Hawk-hill 
obfervatory, and 
bottom of the. 
Small-rock on 
Arthur's Seat, 684 
feet. 



*775> J an - 26. * h 
3S f P.M. 

Nov. 10. n h 30' 
A.M. 



Hawk-hill garden- 
door, and bottom 
of the rock on Ar- 4 
thur's Seat, 7 30. 8 
feet. 



i 
} 

Nov.i7.9 h 30'A.M. I 

1776, Jan. 31. io h i 
45' A.M. j 

July25.2 h 20'P.M. I 

1775, Dec. 27. n h f 
30' A.M, j 

Dec.27.8 h 40'A.M. J 

1776, Feb. 1. 9 h 30' -1 

A.M. j 

Aug. 3 . *- */ P.M. { 



3O.086 
29.7O4 

29.568 
29*197 

29.625 
29.282 

29.567 

28.7O4 

29-953 
28.291 

29.561 
28.272 

29.565 
28.770 

29.494 
28.687 

29*490 
28.674 

29.959 

29.177 

29-543 
28.769 

30.009 
29.229 

3 0I 57 
29427 

29.807 
28.985 

29.778 
28.945 

29.883 
29.032 

30-I35 
29.348 



l4M U 

«j — « 

a. * 
p <u 



554 
S3i 

02 






c 
o 

% 

W 



1 

u 



w »4 
J3 IK 



I « 1 

5 * « 



ssi 

5*1 

571 
52? 

63I 

54 

35 
32 






a6i 

24J 



38 
34 

33i 

3°l 

»5§ 

24 
70j 

66| 

3Pi 
29J 

35! 
33 

28| 
a6f 



75 



■067 
-058 

-075 
.068 

^078 
068 



•075 
•062 

•084 
-063 

-100 
.068 



— 010 



+038 

+°37 

+ 018 

+ 026 

—020 
— 006 

—004 
+ 005 

+ 056 
+ 026 

—125 
— in 

+ 004 
+007 

—013 

—003 

-fon 
+019 

—141 



30.019 
29.646 

29.493 
29.129 

29-547 
29.214 

29.492 
28.642 

29.869 
28.228 

29.461 
28.204 

29-555 
28.770 

29-532 
28.724 

29.508 

28,700 

29.939 
29.171 

29-539 
28.774 

30.065 
29.225 

30.032 
29.316 

29.811 
28.992 

29.765 
28.942 

29.894 
29.051 

29.994 



o ^* 



} 325-8 

} 323-6 
1 

j 762. 
} 1472.5 



. 1136.2 



bjQ w ctt o 

9 u w -o 



I Temperature 
of the air, 



} 
\ 

} 



701-5 



722.9 



723-5 



]• 677.2 



1 683.8 
j. 711.7 

} 

} 



628.8 



725-9 



1 730.6 



72 — 127 [29.221 



j 

} 
} 



745-4 



680.4 



{ = 



l8.2ft. 
1000 

20.4 

60.3 

•24.9 

78. 



L =53«8 

{ 
{ 
{= 



•71-5 
48.6 

-63.8 
56.2 

— 09 
= i-3 



+ 20.5 
=28.3 



{i 



+21. i 
=29. 

— 6.8 



r-6. 

I =10. 



{: 



{ 



+ 27.7 
= 39- 



{ = 
{ = 



55-2 
87.7 

4.9 
6.7 



I 



+ 14.6 
= 19.6 

—50.4 
= 74- 




54 1 
5°l J 



541 

47 x 



{} 

sH ] 
48* J 

33 \ 

3°i J 

n 
} 



20 
20 

26 
23 



3 6 i 

34 

32 

29? 

14 
20 

69! 
67 



} 
} 
} 



291 1 

29! j 

351 \ 

32i J 



241 
26 



n 



52* 



M 



5 1 



52| 



3 1 



20| 



24 



35 



3° 



r 7 



68| 



{ 
{ 

{ 



t 

2 9l { 
345 { 

2 Ji { 



7*1 
[6, 



} « { 



_ _ o ^ 



^o ^ . ^ .0 



ghts near Edinburgh* 



>erature 
le air, 



A»a 



Mean. 



o _: 
>>»o "g 

O "" , JT « 

3 3 g fl 

w 



50° { 



54? { 
54? i 



Refult by the rule, 



1000 



SH 



vl 



5 1 



5*1 



3 1 



20| 



24 



351 



3°i 



r 7 



{ 
{ 

{ 
{ 



68} 



20j 



34 



t 
{ 

*{ 

«{ 
*{ 



f 



= i5-3 f -J 

+ 54- 1 
= I 7-S. J 



+ 54- 
=■17.2 J 

+ 50. 1 
=38. ] 

+ 47* 
—69.2 

+ 52. 1 
=59- J 



— 05 
= °*3 

— 26.6 
=119.2 j 

—i7- 
= 12.4 

4- 8.6 
= 5.8 J 

— 35 

= 2.4 

-35-2 
=25. 



+ 94- 1 
=58.2 J 

- 5-7 ] 

— 4«i J 

+ 5-4 1 
= 4* J 



+ 15-4 
mi. 5 

+ 100. 1 
=68. J 

—20.8 i 



Particu- 
lar. 



•M^^a 



341 -I 
34I-I ~\ 

33 6 -3 J 
800. 

1 54i-7 

1195-2 
701.2 

703 7 
711. 1 

683. 

681.4 



Mean. 



" 339-5 



686.7 



687.0 



721.8 



734-6 



733-9 



748.4 



Error of 
the rule 
in feet. 



"^ *"* td 

• --. 

O cS 

o ° c - 

. s 4... *-• ►- 

eg .«' V r.: 



1 1037 



•—4-5 



y 7°5-3 



J 



684.5 



J- 734 7 






Il76l 



—2.3 



-4.8 



+ 2.9 



+ O.5 



+ 3<9 



_ Z 



XI309 



X * mm » * y V.< 



II4IC 



10^24 



JI 445 



10419 



10646 



10729 



10184 



11416 



10707 



10642 



10390 



1 1286 



I 



Aug. 3. a" */ P.M. [ |g;J35 



7St 

72 



I4I 
127 



zy.yy4 

29 



In thefe two laft obfervations Mr. de luc's equation 
for the air being fubftituted, 






,221 [J *|\ =74. [69 JP 4 [ 

1776, Feb* 1. 745.4 39°v7— 25°.5~I4°.2 X2.1 j 



Aug. 3. 680.4 7°°*7 — Stf^ — i 1 ** X2a ' 

„ i. 1 Mi l i» — i» m »ii 1 1I ii ■■■! tmmmm » — ***< • * > » , ii w i ■. ■■.<«». . ^ 



73* { 

X2.I | 



X2,I I 



1* 1UU> j 

=68. J 

-29.8 j 
= 22.2 J 

+ 65.1 

=44 3 



748.4 



723.2 



724.7 



i ~ - 



1 1286 



7.6 



6.1 



m^mm0Mtmmmmtmmtmmmmm^mmm^mtmm 



m mmwm 



N° V. 



[ 779 1 

N° V. Computations of barometrical obfervations made on heig 

and N° VI. of thofe near Carnarvon in North Wal 



•N° V. near Linhoufe. 



ti o «s 
fcfl w 



Geometrical heights 
of the llations in feet. 



»«Mlltt<M*MMtt*»«fm 



Linhoufe and Eaft- 
cairn hill, 5 feet 
below the fuinmit 
1176*6 feet. 



:ec 



Linhoufe, and Eaft- 
cairn hill, 18 feet 
below the top 
j 165.6 feet. 



st 

•i 



Linhoufe, and Weft- 
cairn hill, 1 1 ft. be- 
low the top, 11 7 8.4ft. 
Linhoufe, and Cor- 
fton hill, 4 feet be- 
low the top, 386.5 ft, 

Corfton hill, and 
Weft -cairn hill, 792 
feet. 

Corfton hill, and 
Eaft cairnhill,776.6 
feet. 

Linhoufe, and Cor- 
fton hill, 388.5 feet. 



Date of the obferva- 
tions, winds, &c. 



*"13 
4* <t» 



1775, Nov 11. 8 h ] 
A.M. calm and clear. J 

Nov. 15. noon. j 

} 



&4 

o 






, S3 aj 



O 



1776, Dec. 17. 2 h 
P.M. 



29.216 
27.912 

28.941 
27,632 

28.990 
27.688 



Q — • 



3^ 
3° 

32 

21 



oil 
24 



w * « 

. — < 



*rf o .* 

«$ w »* 

3 « u 

1A A ys 



-4006 



T OI 5 

4- 001 
4-025 



<« 1 

^ ?s 

£ -^ . 

TO *"" yj 

-<■* o +j 

£4 



29.2l6 
27.918 

28 94I 
27.647 

28.99I 
27.713 









} f 09 C £2 ,Jf 

U .O *2 

• ^f" 11 ! pwi1W# tP""^ 

rt 13 CI O 

Q s- • O 



1 184.2 



. 1x91.9 



J 1174.8 



[t 



4-7.6 ft. 

1C0O 



J + iS-3 
^ = 12.8 

f +■ 9*2 

I = 7.9 



Temperature 
of the air, 



Parti- 
cular. 



32 1 
29 j 



32 
26 



U 4 



1 22 



Mean, 



3°°i j 



29 



?6 X 



J 



Subflituting Mr. DE luc's equation for the air, 



Dec. 1. i h J 
S.W. > 



high 



*77S> 
P.M 

wind, fog above. 
Dec. 8. i h P.M. 

clear and windy. 



} 



} 



1776, Dec. 16 



b 11 11' 1 
.wind, V 
r. j 



A.M.highN 
clear weather 
Dec. 17. i h A.M. I 
light W. wind. 



Nov. 20. i h P.M. > 
fnow had fallen, I 
high W. wind. J 



29.250 
28.003 


49 

45 


-°55 
— 042 


29.195 
27.961 


29.686 
29.521 


4' 
39 


—029 

—023 


29.657 
29. 288 


28.580 

27.714 


34? 
32 


—009 


28.57I 
27.714 


28.574 

27.710 


32 

25 


+ 022 


28.574 
27.732 


27.992 

27.582 


35 
33 


— 009 

nwQQ 2 


27.983 

27*579 



} 
} 



} 



"25.3 



379-7 



793- 6 



779-4 



379< 



39°.7 — 26°.i = i3°.6x2.i j 

46 ! { 



{ 



r 4* 

1 = 

r + 



{ 



S3- 2 
47-3 

6.8 
18. 

1.6 

2. 
2.8 

3 6 

9-5 
28.2 



48 ] 
45 1 

40 
39 

34*1 
3° J 



3 1 
23i 

33 
33 



39i 



32 



27 



M 



33 



N° VI. near Carnarvon. 



Carnarvon Quay, 
andMoelEilio,237i ^ 
feet. 



>ove, > 



n77S>Aug.4. i h 7 
P.M. rain above 
clear below. 

Aug. 8. o h 7 ; P.M.I 
S. wind, and hazy > 
weather above. J 

Aug. 8. 2 h 7'P.M.-j 
S. wind, weather ^ 
fomething clearer, j 



29.693 I 
27.714 

30.036 
27-543 

30.027 
27*533 



62| 

54 

68 

57 



69 
58! 



-098 
•066 

-118 

-075 

-122 
.079 



29-595 
27.148 

29.918 
27.468 

29.905 
27.454 



. 2248.8 



. 2226.3 



j 2228.3 



I 



— 122.2 

\ + 54*4 



{ 



—194.7 

= 65. 

— 142.7 
= 64. 



62$ 
5 



2I l 

} 



68| 
5 6 



69IJ 
57 



56 



3 

4 



6af 



{ 
631 { 



^SubftitutingMr. de luc*s equation for the air, 2231. 1 6o°.8— 39 . 7=121°. 1 x 2.1 j 



Aug. 7. 6 h 7' A.M. j 
Aug. 7. 9 h f A.M. J 
Aug. 7. o h / P.M. J 



3 - J 54 
26.462 

3 ai6 5 
26 f .468 

30. 1 40 
26.488 



56| 
47i 

60 
49? 

6if 
60I 



-081 1 

-045 

—092 

imi '— ""—LJ- £ Cp 

-097 
-083 



3 - O 73l\ 2 o„6 
26.417 j ■*->' /,v ' 

} 3376 



30.073 
26,418 

30.043 
26.405 



.6 



3363-4 



{ = 
f = 



177.4 
52.5 

I78.4 
52.8 

191.6 

57- 



45* J* 

60 ] 
47$ J 



6i| 
54 



1 



S°t 



S3* 



57? 



t heights near Linhoufe, 



ti Wales. 



rature 
air, 



Mean, 



i J 



/ 



2°°. 



^ 



>6§ 



K2.I I 



4 6°lJ 



39i 



32 



2 7 



M 



33 



*> -d »©' 
c 5 « 

S p rs pj 



3.4., 

tooo 

4. ft. 



"* xooo 



7. 



} 

= 8-3 } 

— 14. 
zz 16.4 



Refult by the rule, j Error !|^'2 

of the *~ 
rule in 

XCCl. 



zz 286 

= 33-6 

+ 35- 
= 39.4 

+ 18. 

zz 6.8 

-f 0,3 

= 0.2 

— 10. 2 
= 9-3 



1 

i 






2 2 
08 



11 



82.6 



1 158.4 



1141.2 



164.7 



386.5 



793-8 



770.1 



3 



79.8 



l u 4 



'2f { 



'3 



(2.1 



;°f 



{ 



>34 1 



*m f J 

>7s < 



= 134. 

+ 75- 
= 167. 

"T* 70*0 

= 171. 



1 2382.8 



} 



i 


44-3 
98.8 


T 


45- 


ZZ 


152.6 


+ 


525 


zz 


177.4 


T 


6r. 




20c. 



} 
} 



-* I 



2 393-3 



23993 




c ° o 



-1181,3 + 4-7 



7.2 



* > ^«4 >, 4 



1 ou 



•j* X »0 



6 *5 









10894 j 



10910 j 



1 'I44* 



• 10736 



1 1077 * 



1 1068 I 



8.7 1 1540 






u 



i 



353° 2 



3S54- 



3S68.4 -j 



1 
> 2391.8 



+ 20.8 . 



2330* 



^ 3551". 



-41- 



1 J 594 j 



1 1566 



< 



1 1646 1 



Carnarvon Quay, 
and Peak of Snow- 
don, 35S5 feet. 



Aug. 7. Q h 7' P.M. J 

Aug. 7. a h 7' P.M. J 

Aug.i4*8 h 7'A.M. 1 
fog above. J 

I Aug. 14. 9* 7' fog 1 
and ram. J 



^V.AJ. 



\/V/ 



h „' 



Aug. 14. io h 7 



Aug. 14. 1 i h 7'. 



Aug. 14. o h 7', 



30. 1 40 
26.488 

30.144 
^6.478 

29.984 
26.271 

29.978 
26.279 

29.972 
26.280 

29.974 
26.280 

29.976 



ty^ 



6i| 
6o| 



62 
53 



5 6 i 
42I 

5 8 § 

44 

60 



•097 
•083 

099 
-063 

-080 
-031 

-087 

■091 



3°-°43 
26.405 



J 



- 33634 



4411 — °3^ 



3°-°45 
26.415 ] 

29.904 
20.240 

29,891 

26.244 



3355*3 



34059 



339°* 6 



29.881 . g 
26.244 J 33 ol *9 



6i| 

44l 



62I 



-097 

— «02^ 

-100 



29.877 
26.243 

29.876 






~I 9 I.6 

= 57- 

—199.7 
= 59-5 

— 149.1 
L = 43-8 



f/4 J 



6i| 

54 

62 
5i 



} 



26.282 I 46II 042 126.240 



3379-4 



►33 8l -5 



Barometrical height of Snowdon from the mean of 
two days obfervations, — — 



}3379 



.1 



{= 



{= 



1644 

^* ,3 

»73-i 
51.2 

1 75- 6 

52« 

173-5 

S*'3 

»75-9 

52- 1 1 



43 J 

571 
43l 

60 

44i J 



57f 



56! { 



H 



49f 



5° 






61 

45 



} 



62 

46 J 



53 



54 



S3- 1 



{ 






H 



«w| 



Mr. de luc's equation for the air, 



I ■»' — hum 1 



53 - 1 — 39°*7 = I 3°-4x 2.1=28.14 



mummmmmmm 



mmmmmmmmmm 



*n2. ^ 



>/8 



•fii { 



r9n 



;o| { 

> 2 4 ^ 



*//•* J 



4* 6r. 
= 205. 



+ 58-S 1 
= 196. J 



J3 



J4 



ml sy T 



{ 



8.14 



<M#M* 



'j. 



40. 1 

136.2 J 

44-3 1 

iS a 4 J 



4" 4^* 

■MM* A V/ 4Z4+ i 

4 50. 
=^169. 

+ 5 2 «3 1 
= 176.2 J 

= 176.3 
= 95* l 



\>3SS*- 



3568.4 



355**3 



3542.1 



354 1 



3544-6 . 



1 1704 



J 



1 1 643 * 
1 



► 3546.8 






3543.4 



3557.7 



> 



1 1704 ] 



3548-9 



3474*2 



•6.1 



80.8 



mmmmmmmmmmmHtm 



.i»<ifiwMfc>|»fcw»w>wi^iiw<t » ii w ^ > ii»i .U li 1 mm*m*—*m** 



Compu- 



[ 7 8l ] 

Computations of part of Mr. de lug's barometrical obfervations, aniVering to the 

of the air. 



■ m fc» 



._1 JWII II I ' — ~ — " —*-•' *" I " ""' Ml »»■!«■ 



Stations with their 

geomet 

in feet. 



geometrical heights 









to 

c 



^ < 



c 



<S5 



o 

"J 



r 



U5 

O 

> 

o 

>>> 

u 

■"O 

I o 



O 






It*. 
23O.5 



2d* 

457- 

3d. 
624.5 

4th. 
776.7 

5th. 
977.2 

2d, 
457* 

624.5 

4th. 
776.7 

5th. 
977.2 

6 th. 
1298.9 

7 th. 

8 th. 
1938.9 

9th. 
2094.5 

10th. 

235 6 -3 

Ilth. 
2486.3 

14th. 
2922. 



Date of the obfer- 
vations". 



*-. C rt 
■^ -r ,0 

••* 1 ' »H £J 

6 ° * u 



o r* . 

! g « 



1760, Feb. 9. 
8 h 30' A.M. 

March 9. 6 h 

A.M. 



March 9. 6 h 8' f 28.875 



28.986 

28.7O3 

28.875 
28.586 



33°f 
26I 



371 
28J 



A.M. 

March 9. 6 h 15' 
A.M. 



I 



March 9. 6 h 30' J 

A.M. 



March 9. 6 h 45' J 

A.M. 



I 



Feb. 9. 9 h A.M. 



{ 



Feb. 9. 9 11 15' 1 

A.M. 1 

Feb. 9. 9 11 30' 
A.M. 



Feb. 9. io h 
A.M. 

Feb. 9. io h 15' 

A.M. 

Feb. 9. io h 30' 

Xa.IYJ.. 

Feb. 9. n h 
A.M. 

Feb. 9. ii h 15' 
A.M. 



20.342 

28.875 
28.170 

28.875 
28.009 

28.875 
27*798 

28.997 

28.470 



Feb. 9. ii b 45' 
A.M. 



{ 



} 



Feb. 9. noon. j 

1759^ J ul y *5> 

4 h P.M. 
Julyi5.2 h P.M. 



28.997 
28,298 

28.997 
28.142 

28.997 
27.931 

29.002 
27.604 

29.008 
27-393 

29.002 
26.955 

28.997 
26.771 

28.992 
26.494 

28986 
26.366 

28.759 
25.950 

28.797 
25-778 



71 
3° 



1 
o 



«j 1 

*■* '■J 

c « 

HO.* 

rt w !-i 

5 y s^ 

f-rl ,-. , .-• 

P"S «** ><v* 



W *■* u? 



3 



cr«i2 <u 



• *■■* w 
O -£ 



— OO6 
+ Ol8 

— Ol8 

+ OI2 [28.598 



371 
32 

371 
32 

371 
33l 

32 

28 J 

32 
3° 

32 
32 

33} 

35s 

32 
37l 

33! 
41 



352 
39? 

3S2 
39? 

35t 
39i 

33* 

37z 

74i 
7i 

74i 
71 



—018 
+ 006 

—018 



— 018 

— 018 

—005 

+012 
+006 



28.980 

28.721 

28.857 



28.857 
28.348 



28.857 

T 



28.170 



— 006 
—on 



—017 

— 006 
— 027 

—on 
—021 

—on 
— 021 



28.857 

28.009 

28.857 
27.793 

28.997 
28.482 

28.997 
28.304 



28.991 
27.920 

29.002 
27-587 

29.002 
27.366 

28.991 
26.934 

28.986 
26.750 



233-9 



234-9 



463-7 



1 627.8 
} 777.2 



978.9 



^ _ 1_ yj 

CO « O 
u • O 



{ 



+ 3-4 ft- 

I4.S 

— 1COO 



Temperature 
of the air, 



r 



Parti- 
cular. 



Mean 



f + 4-4 

'(_ = I.8.7 

[ + 6.6 

I = 14-5 



2 4i" 1 

26| j 



*»I 



»■» I 1 

/I I 

32 J 



Re- 
duced. ^ 



25°$ 



27-i V 

3 



*iiJ 



r + 



4-3 
7- 



980 



+ 0.5 

= 0.7 

r + 1.7 

1= i.7 

-f~ 9.8 

=r 21. 

+ 58 

=: 9.2 



i 466. c 
} 6 3°': 

} ^ 8o - 2 f = il 



.8 f 



3°3-4 



j *S*3< 






— on [28.981 
26.473 



—021 

—006 
— 016 

— 131 
-105 

-108 



28.980 
26.350 

28.628 
25.845 

28.666 
2C.670 



1917.7 



1 



> 2091.8 



} 2358.6 



2479« 



2664.8 



' 2876.5 



4* 36 

= 3-5 

+ 4.5 

= 3-5 

— 0.3 

zz 0.2 



r — 21. 
{ = 11. 



21.2 
O 



27! } 

4 J 



O / 



274 

32I 
27I 

25I 
29 

28 

3° 

40| 
32 



40 3 
37 



»} 



36* 



371 



r + 



2.7 
i-5 

+ 2.3 

7-3 
3-° 



f —257-9 
I = 9 6 -7 

f —242.7 
i = 84.5 



43f 

37 



?} 



43!^ 
39? 



44l 1 
38II 

44l 
36 

881 

74 

85 1 
681 j 



9* 



292 



^Ol 



o 



c 
o • 

3 



1 



w 



3° 



29$ 



27 



29 



361 



38* 



38i 



391 



4°l 



4 1 ? 



4 1 ! 



4°f 



81 



76 



J 



:6° J 



28 



3°l 



3 1 ! 



3 1 ! 



{ 



33! ■ 



34l 



35 



35 



34i 



{ 
{ 
{ 

{ 



3 si ■ 



73l 



iii nf — 









-f- I 

ZZ2 



:o the coldeft and hotteft temperatures 



ed. 



. r 
1 



r 83 

<_, «j *-» d 
5 3 rt a 



I 



Rciult by the rule, 



>mAma m 



Particu- 
lar. 



M H I H» < 



. J 



s° J 



3 



^ 



'1 



4 



{ 



Si 



iboo 

3 <>*• 



4.9 
1.2 

56 

2.6 

35 

2.3 

4.4. 
3-4 

5- 

4.9 

14* 

6.5 

9- 

5-7 

3-5 
27 



1 



1 
1 



} 



:!} 



I.I 
I 



I.I 

1.4 J 



t2 



S 



J 



li 



{ 
{ 
{ 

{ 



si- 



32 



+ 3-3 1 

= 5- J 

+ 6. 1 

= ii-S J 

.6 1 

•6 J 



+ 6.6 

zr 12 



4* 6.6 

= 156 j 



+ 5-6 

= 14 



: 6 } 



+ IOI. 

11:269.2 . 



+ 9 6 -5 ] 
z:qoo.8 J 



229.9 



233-7 



46 1. 1 



625.5 



773- 8 " 



974*^ 



460.4 



624.6 



777.5 



979*7 



1302, 



iS l & 



929.2 



2 1 04.4 



23742 



2493- 



2934« 



3*77 3 



Mean. 



Error 
of the 
rule in 
feet. 



2^1,8 



V I *• 



■ m l « 



l*» O 



sT 



3 •> 

o ° o • 

• •"«■■< (Ml 



+ 1.3 



-f* 4** 



4* !• 



2.9 



— 3.2 



+ 3-4 



1 - - 



4- 2.5 



+ 3* 1 



4. ^y 



4* 9*7 



4- 9.9 



+ 17*9 



4* v>. 7 



4* I2» 



IO598 



IC598 



?3 2 



I0876 



IO978 



I IO0O 



IO649 



IO814 



O9O I 



IO949 



1 1024 



1 1 120 



1 1 306 



1 1 241 



1 1274 



"357 



1254* 



12439 



f 
to 

o 

4mmt 

V$ 






a 
o 

o 

> <£ 

J-l \ 

<u 

O 

>■* 
u* 

a 

u 
O 

4) 



o 



u 

O 



[ 



2922;, 



15th. 
3119.2 



J 



ICtll. 

2356.3 



1 1 tli. 
2486.3 



1 2 th. 

2752. 



1 3th. 
2877,5 



1 



I 



q. x 



• iV^. 



Julyi5.2 h P.M. 

July 15. 3 h 30' 
P.M. 



28.797 
^5-778 

28.764 
2 S 77 8 



1760, July 20, r 
io h 1 5' A.M. \ 



\ 



July 20. 2 h 15' 
P.M. 

July 20. io 1, 45' 

jfXtiVx. 

July 20. 3 h 
P.M. 

July 20. 11*30' 
A.M. 

July 20, 2 h 30' 
P.M. 



{ 
{ 



{ 



July 20. noon. J 

July 20. i h 45' 
P.M. 



28.775 
26.499 

28.731 
26.460 

28.769 
26.366 

28.726 
26.327 

28.758 
26.100 

28,720 
26.066 

28.747 
25-977 

28.720 
25.691 



74i 
71 

74i 
68* 

7i 

72I 

74i 

72f 

71 
68| 

76| 
72I 

72! 
6S| 

761 
7i 

72J 
68* 



74i 
68* 



■131 
108 

•131 
103 

121 
•117 

•131 
-118 

•121 

-104 

.138 
»n6 

-126 
-103 

-138 
-no 

-126 
-103 

-131 
•105 



25.045 

28.666 
25.670 

28.633 

25-675 

28.654 
26.382 

28.600 
26.342 

28.648 
26.262 

28.588 
26.211 

28.632 
25-997 

28.582 
2S-956 

28.621 
25.874 

28.859 
25.856 



2876.5 
} *8 4 i. 4 



2152.6 



- 2143, 



1 *- y^-v 






2266. 



2262. 



2516.3 



251 1.2 



' 2629.3 



i 



2618,2 



{ 

{= 
{= 

r — 
1 = 

{= 
{ 

{ 



242.7 
84-5 

•277.8 

: 97*7 
•203.7 

: 94.7 

•2133 

: 995 

J* J* JL . •£ 

97.7 



224*3 
99. 

235*7 
94. 

240.8 
95-7 

-248.2 

: 94.7 

'259*3 
99. 



Mean of the hotTteft, 



9J.7 

1000 



/* J 

8 5 
68* 

90JI 
74 J 

74 J 

9 1 ! 1 
75* J 

871 1 
741 J 

92I] 

76|] 

88 

72f 

92 -1 
77 ] 

89 
7311 



92f - 

75 



7 6 l 



82 



8o| 



83! 



81 



84! 



80! 



84 



8zl 



831 



73l 



76 - 



75 



77 



{ 



75 



77 



74 



77 { 

75 { 



77 



~ r 2 






+ 3 



1 



+ 1 



+ J 



+ 3 



+ 1 






4> ] 



+ 1 



+ 



81.7J75.6 






• »• « ■»■ 1 m , , , 1 , rn »— ^»—— ww 



1 1 i t >• — ■ ~ — *-■ - 1 — ti * *********** ^" , T'"T *^'irirrin'iif i.r.*rirw TrirfilfiiTra 



tmimmmmm nw 1 1 ■ mi in 



32 



6 



+ 9 6 -5 ] 
= 300.8 J 



+ 102 
= 29 



2* 1 
O 2 J 



7 



{ 



5 



7 






7 



5.6 



+ 102. 

3:219.6 
+ 106. 

4*101.8 
=1230.7 



+ 106. 1 
= 239.7 J 

+ 97 6 1 
=245.6 J 

•f 106. 1 
266.2 j 



■^-f- 



-f 101.8 " 
=267,6 



+ 106. 
=277 



:*} 



3*77 3 



3131.6 



2372.2 



2370.2 



2496,7 



2501.7 



2761.9 



2777*4 



2897.1 



2895,7 



I 



'3*54 4 



+ 35*2 



12439 



12603 



► 2371*2 



+ 14*9 



12429 



2499-2 



+ 12.9 



12468 



2769*6 



+ 17.6 



12504 



2896.4 



+ 189 



12548 



memmmmmm—mi+i 



mfmm^tmmmKimm^mmmmmmmimmmmrf^ 



mmmmmmmmmm 
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Continuation of Mr. de luc's barometrical obfervation 



Station^ with their 
geometrical heights 
n feet. 



The Dole, by Sir 
;eorge shuck- 
tURGH'smeaibre- 
nent, is above the 
ake of Geneva 
293 ft. Mr, de 
uc's loweimofK 
aro meter was 
igher than the 
ike 83 ft. hence 
:e vertical dif- 
nce of the baro- 
etcrs, 42*0 feet. L 



Date of the obfer- 
vations. 



IA S-t I 

•£ O vt 

S ^ o 

•*i • >-« J-l • 
OJ M> 

=? o « * 



Light-houfe of 
enoa^ 237.6 ft 



1764, July 29. 
i h P.M. 

July 29. i h 30' 
P.M. 

1765, July 21. 
io h 30' A.M. 

1764, July 8. 
8 h A.M. 



1757, June 2. 
6 h A.M. 



June 2. 4 h i 
P.M. 



i 



1 



une 23. 9 h | 
A.M. ' 



1 



June 23. 5 h 45' 
P.M. 

July 26. i h 
P.M. 



{ 



For the barometrical height of^ 
1 Turin above Genoa, 



For the barometrical height of Mr. 
de luc's room above Turin, 



28-953 
24.951 

28.942 
24.940 

28.698 
24.640 

28.692 
24.636 



30.077 
29.817 

30.088 
29.846 

30.116 
29.857 

30.041 
29.796 

30.02 1 
29.774 



tM 



<U 



5-1 
AS t 1 



30.019 
+ .071 



30.090 

29.197 
+ .069 



29.266 



J29 319 

28.831 



78°i 
67 



78J 

6 5l 



67 
59? 

7* 
57* 



76 
76 

824 
84! 

79 

75 

79 
79 

83! 
83I 



U » 

a ^ u 



to t 

w § 

rt *- v? 



— HS 
-095 

—145 
—090 

—108 
—07S 

-121 
-070 



-142 
-141 

-163 
-169 

—152 
—138 

-i 5 o 

-166 
— 164 



77 



77 



72I 



I46 



J4I 



•129 
126 



28.808 
24*856 

28.797 
24.850 

28.59O 
24*565 

28.571 
24.566 



29-935 

2Q.686 



29.925 
29.677 

29.964 
29.719 

29.889 
29.646 

29*855 
29.610 



(J +-» 



to, a 

***** 



29.944 



29.125 



29.190 
28.705 (J 



i 3845. 



1 3841 
J. 



3954' 



3935- 



217.7 



► 2l6.8 



214.8 



} 



212.7 



214.7 



y 722.6 



. 436.6 



i« « G o? 
u .O s 

^♦■H ^ iiiM «-■■■< 

rt-n C O 

CO a O 
u S O 



{ 



■3 6 5 ft « 

•3 6 9- 
96. 



r — 256. 
1 = 64'7 

—275. 

= 70. 



— 20. 

= 92. 

— 21. 
rr 96. 

— 22.8 

= 107. 

— 24.9 
= 117. 

— 22.9 
=1:107. 



Temperature 
of the air, 



Parti- 
cular. 



< 



{■- 



771° 
64I 

784 

67-1 1 

5 1 J 
73 



Mean 



} 



Mean 



> 



} 



7i°i 



7*1 



591 



6 4l 



Re- 

luccd. 



75? 



82 



79 



78 



81 




77 



724 



70° J 



70 



>^ O ' 









58 



6 3 - 



73 



79 



{ 

76 j 

75 { 

77 { 



i 



{ 



1 88 
1 IOC 

= 339 
=33 ! 



-f 6c 

0> 



— 2^ 



f 7- 

ZI28 



"T" IO < 

= 2: 

4- 10 

== 2 

4- JO< 

= 2 

4 10 
+ 11 



4- 11 



8( 



+ 9< 

= 4, 



Mr. de luc's room above Genoa, — — 

Surface of the Lake of Geneva in fummer below Mr. de luc's room, 

Surface of the Lake of Geneva above the Mediterranean, — 



By Mr. de luc's rule the Lake is elevated above the Sea 11 26 French, or 12c 

In the obfervation s on the Dole, if Mr. de luc's equation for the air is fubftituted inftead i ~ ^o g © ? _ 

of that refulting from the Britifh obfervations, the barometrical height will be, J °^ " ^ -/ " 



Mr. dp. t.a cattle's barometrical Obfervatians, Sept. 22, 17 qi, at the ( 



vations. 



I 
i 



D H O 

4-> o "73 

k. o J! 

>% Q T5 

<* S3 ^ *J 

w « f *■*•« 

g P <rs 3 



{ 

{ 
{ 
{ 



i 



{ 



i 88* 
1 1000 

z33 9 .8f. 

+ 38 2 i 
= 338.8 

-f 60. 

= 237. 

+• 7 2 *4 
— 285. 



+ 103. 

~ 22.4 

-f- IOo. 1 

= 2 3-4 J 

+ 104. "| 

= 22.3 J 

4 106.5 "[ 

zz 22,6 J 

+ III. 1 

= 23 8 j 



Refult by the rule, 



Particu-. * 
lar. 



41848 



4179.8 



4191 



4220. 



+ HI-5 



a 



Y 



80.6 



+ 99- 

= 43-2 



240.1 



240.2 



237- 1 



2g5-3 



238-S 



803.2 



479.8 



room. 



Mean, 



Error 
- of the 
rule in 
feet. 



,4194, 



16. 



y t u 

-C2 M *3 

o ° o 



bil 



<-t fc-,' 



y » * •-« 7* *•<* 



I 27 I4 



238.2 



Mean 



-f- 0.6 



12520 



^551 



2 595 



12672 



1283. 
53-3 

1229.7 



j, or 1 200 Englifh feet. 



:4IX4.. 



Error. 
96.0 , 



.t the Cape of Good Hope. 



Mr. de la caille's barometrical Obfervations, Sept. 22, 1751, at the ( 



Eaft fignal on the-i 
," able-hill above ^3417 
the fea, — J 

Height of t!ie ob- 
servatory, — 



} 



14 



> 



Vertical diftance ^ 
of the barome- ^34°3 
meters in feet, J 



Veft fignal above 
the fea, — 

eight of 

ervatory, 



3468 



eight of the ob- 






-> 



Ttical diftance *> 

: the barome- f 3454 



rs, 








1 


• r 


30.I74 




— •173 


J I h 30' • 

A.M. 


30.001 


w 


26.502 


f 


30.174 




—.197 


d h 30' ^ 
P.M. 


29^77 


fc 


26.377 




III 



52 



66 



5° 



-o 5 8 



in 



-053 



29.890 



26.444 



29.866 



26.324 



>3 J 9?- 



— 211. 



66' 



00. 



^3289, 



179, 



544* 






66 . 



58 



5° 



58 



ith Mr. de ^ Mean r , g . «\ 

»s Equation J 3426 — 3240 58°— 39°'7 = *8°.3 x «•!< I,| 4 ^J >33 6 4-4 
he air, J I * J 



{ 



+ 6 



19 



.+ 6 



20 



M>»«w<i»»n w 1 . ■■ w — nil. 1 1 hi 1 j m mammmtm 



mm**mm***mm0KmimHm**ii M i i m m [■v wi Tm i.i n.n n n i www«w 



■taaHM^WMMMMHMi 



.t the Cape of Good Hope. 



{ 



-f- 62.4 ^ 



199.2 



.+ 62.4 



1 



205,2 ' 



: 


' 


< 


■ 

339 I -2 




I 
I 

— 11.8 


1 

1 

• 
< 


■ 
1 

• 
■ 
1 


# 

■ 
■ 

■ 

■< 

•• 


3494^ 

i 


< 


+ 4^»2 
Mean 



11713 



i 1 662 

1 ■ « n* ■ 

II687 ; 



>- —62.6 






riWMMIMM 



i>i> 1 ■ ■ ■! — ■ ■ 1 ■ mm^m^m»»mmtm 



**$*— 
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Computatidns of barometrical obfervations made on heights that have not bet 

geometrically. 



MMHria 



I'll 



I>ate. 



773* J uI y 8 < 



1776, Sept* 12. 



{ 

; 

L 



Stations of the baro- 
meters. 



*i 2 * 

i rj ft 

(j> -a g 

o° rt2 



Level of the fea at^Inver-^ |29*93& 
gourie, and Belmont- M29.734 
caftle. ^ 



° > 
CVS 

J? •" 



O 



Sept. ix. { 

Sept. 17. J 

{ 

Sept. 12. j 

Sept. 13. J 



Aug. 22. 



a* 
u 
I 

I O 






*•* a 

.25 U-c 

3 ° *: 

S3 tJ *> 

W 43 va 



Caftle Menzie's. 



** 

u i 

w ' 



a 
S 

o 

. »-« 
It 

c 

U 



"*775> Sept- 5- 



Sept. 5. 

1774, Aug. 29 and 
30.' mean of three 
obfervations. 



Sw ■ 



1772, Aug. 6. 2 h 
P.M. 



1772, Sept. 25. 9 1 r 
25' A.M. I 

I 

' ■" 1 ■ i. t ' mitmm 



f Superior barometer, 1 
Top of Kiripurney- J 
hill. 

Ditto. J 

i 

Top of Fafragan. j 
Top of Ben Lawers. \ 
Top of Ben More. { 
Top of Ben Gloe. j 
Blair of Athol-lawn. I 
Top of King's Seat, j 
Hill of Barry. i 

Dunfinane-hlll, •< 



Quay at the new bridge 
of Glafgow, and ftation 

; at Lanark. 

Freeport in the ifland of 
Ifla, 19 feet above the 
fea, and futfirnit of the 
South-pap of Jura, 

Hafniford in Iceland, at 
the fea-fhore, and fum- 
mit of Mount Hecia. 



\ 

J 



29.988 
28.974 

3°-33* 
29.275 

29.756 
29.674 

29.794 
27-344 

29.800 
25- 8 3 

30.000 
26.148 

29.712 
26.142 

29.636 

29.380 

• 

29.904 
28.791 

29.S70 
29-345 

29.784 
28.913 

29.560 
28.850 



30.224 
27.642 

29.859 

24.722 



54' 
57 

65 
62 

$H 
51 

6oj 

6 4 i 

63I 

55 
38 

55! 
42 

62 
48 

60 
58 

68 
66|| 

62 

56 

62 
59 

55* 

5 2f 



67 
57 

49 
38 



— O72 
—O8I 

— I08 
—O95 

~~080 
06l 

-092 
-IO4 

-I02 

-062 

•°75 
-017 

•629 

— 041 

091 
•083 

.116 
-108 

-098 
-076 

-097 
.086 

-077 
-066 



-114 
-076 

-056 
-016 



to t 

too g 
v »-» 






«J 



O 



4-J -Cj 

§ ** £ 



bo"* 
O <£5 



Temperature 
of the air, 



i|1l»» *^M 



29.865 

29* 6 53 

29 880 
28.879 

3°-25i 
29.214 

29 .64 
29.570 

29.692 
27.282 

29.725 
25-813 

29.022 

29.615 
26.101 

29-545 
29.297 

29.788 
28.683 

29.772 
29.269 

29.687 
28.827 

29.483 
28.784 



30.110 
27.566 

29.803 
24.706 



181.3 



j 887.9 
> 908.9 
1 82.7 
j 2205,8 

] 3677- 






1 

i 
j 



3542-9 



3 2 9 * -3 



Parti- 
cular. 



{ ?; } 

{63} 

{ 
{ 

{ ^ } 



65 1 
50 ] 

54 1 

36 / 



Mean. 



37 
62 



j 2^9.6 

1 985- 



J 



} 
} 
} 



444. 



766. 



625.2 



\ 2300.2 

1 4886.8 



{5} 

/ 58 \ 

1 64 j 

{%} 

r 53I i 

l 5°H 



{ 
{ 



60 "i 

57 j 

43 1 

24 / 



o o 

3.3 



w 



-d.! 



54° { 
60 f 

53l{ 
62 { 

57i{ 
45 { 

{ 

{ 

59? { 

65! { 

{ 
{ 

*{ 



44l 



53! 



58 



6o- 



58| { 



33! 



Voo 
= 9.8 

+7 1 - 
=63. 

+ 5 6 - 
= 6. 

"f*" O.A., 
= 137 

+ 3O. 

zriic 



+ 3 1 * 
=109 

+ 5 1 - 
= 167 

+ 67* 
±114. 

+ 84. 
=83. 

+64. 

=28. 

+71. 

=54 

+50. 

=3 1 - 



+ 66, 
= 152 

+ 3 

= 16. 



ot been detertnined 



■k«a«M)>kU< 



a. 



w 

fc £ ft*,' 

(3 U- O **■< 

° ° O e 

♦j# w O • -* 

2 rt M TJ 

;L « m C3 



w 



{ 
{ 
{ 
{ 
{ 

{ 

{ 
{ 

{ 

r 

I 

{ 
{ 

{ 

{ 



MftflNMt 



54»* -v 
VoDO t 

.8 f. J 



+71. 
=63.1 ] 

=50-8 I 
= 6.1 

= 137.8 
+ 3O. 

ZZ 1 10. 



+ 3 1 * 
=109^8 . 

+ 5 1 * 

= 167.9/ 

+ 67* 
±114.7 J 



+ 84.3 1 
=83. ) 

+ 64, "l 
= 28.4 J 

+ 7 J -5 1 
=54^ J 

.+ 5°«° 
=3**3 J 



+ 66.3 \ 
= 152.5- 

+ 34 
= 16.6 



a 






J-l 



*0 



4mm 



I9I. I 

95 1 - 

955-3 

959-7 

888 
2343.6 

3787. 



""* -.*"' c 
«s , . -^ 

§ ° s 

§ 8 « 

•ficg 

O W 5 



W 



652.7 



3459*2 



234-3 



1068. 



4724 



820.8 



656-5 



2452.7 



49°3 4 



1 of 



af 



2g* 



«8f 






42 



53i 



27J 



3° 



6| 



4l 



7i 



22| 



4J 



76 



• 



U mitof Mount Hecla. J| | " j j '" |" \~ ' *| "| 



1.11,11.— „< I ilf , 



> I I l | I ll 



■ > Il III I I II • II 
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Computations of Mr. bouguer's obfervations in Peru, ftippofmg them to have he 

mean temperature of the day, between the coldeft of the morning ; 



[Stations of the baro- 
meters, with their 



Relative heights of the ftations, 
with refpeft to the South-iea, 



r 



Heights of the columns of 
air, whofe bafes flood at ^ 
the fea, 



~* /"V 



o 

U3 



O 



<L> 
O 

G 

en 

• »-» 
-O 

O 



P 

c 
, o 



Coracon, 
Carabourou,, 

Pichincha, 
Carabourou, 



Coracon r 
< Quito, 



Pichincha, 
Qiijto, 



u 

•a. & 
m 



15833 1 
7840 J 

15564 I 
7840/ 

^833 1 
9374 J 

15564 1 
9374 J 



s 1 



Quito, 
.Carabourou, 



9374) 
7840' J. 



geometrical diftance 
in feet. 



c8*s fSouth-fea, 
$ 00 I Coracon, 



^564 



South-fea, 
Pichincha, 



r South-fea. 
9374(Q_ uit0> 

7 g f South-fea, 
' ^ L Carabourou, 



7993 



" Carabourou, 
Coragon, 



f Carabourou, 
7724 1 Pichincha, 



6459 



' Quito, 
Coracon, 



6190 



Quito, 
.. Pichincha, 
Mean of the 
four fuperior 
columns, 
, „„, /Carabourou, 

J 534 { auitGs 



yon 

z, c ° 
-a « 12 



29.930 
16.808 



16.963 



21.403 



22.625 






a, 
£ 



^3 



84i° 
43i 

84I 
44* 

84I 
651 



84^ 



■2 

66* 



66* 

43l 

66* 

44* 



65I 

431 

65* 

44* 



<u 1 



*M 3 

s ti u 



169 

022 



024 

— ~078 



.O84 



w 1 

bag 

jC O *J 



14 



66* 

651 



29.76l 
16.786 

29.76I 
I6.939 

29.76l 
21.325 

2C/.76l 
22.541 

22.541 
16.786 

22.541 
16.939 

21.325 
16.786 

16.939 



to 






id „ 

8" ° ° 



22.541 
21.325 



23.27 



23-35 



25-54 



} 
} 

1 26.15 
1 I9.66 

} 
} 
} 



19.74 



19.05 



J 9' J 3 



} 



21.93 



•S ft 
o ^ 



14922^ 



14685.6 



8685.5 



7240.5 



7681.6 



7445 ? i 



6236.5 



6000.1 



k-4 o 






{ 
{ = 

■r —27 
1=3 

r— 22 
1=3 



•68 

59 
8 

3 1 

4 



i445< 



{ = 



—18 
3 



{ = 



J* 

8< 






ave been made at correlponding times, and in the 
tiling and hotteft of the afternoon. 






^5 « 



8*8^ !• 



:*t? -o 



rt 



<U 



hi O* H 



f Oil ft. 

L xooo 

f —878.4 
1 = 60. ■ 



Cm 4-» 



{ = 
{ = 

{ = 



{ 



688.5 
80. ■ 

599-5 
83- 

■3"«4 

4°'S 



— 278.9 
= 37-3 



f —222.5 
L = 35-7 

("— 189.9 
I = 31-6 

36.3 

XOOO 

f - 89. 

1 = 61.6 



} 6 4 c 

} 641 

}» 

1 

J 

} 

} 
} 
} 



2. is «f 

■5 * t: ■ 

S.S 2. • 

.2 ° o « 

±J 4J O. •-« 

M •" ' s s 



75! 



55 



5^2 



541 



+ 



616 
xooo 



=919. ft. 

r + 62. 
1 =920.4 

r + 90. 

1 =78 4 
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c flicwing the equation depending on the temperatute of die column of air, and its elevation above the fea, as denoted by the mean height of quickHlver in the 
inferior and fupcrior barometers. 



ills 


■fe. ^ fc*U rf ^mn. 1. MM BM^-l-h™-. E**. in h** _ - *. *** fete*. 


sS 




fcta 1, 








"3 


*4 


=i 


16 


{ft 


a, 


"H 


•t 


'SI 


*> 


=9i 


3° 


3°f 




| 


t*i'* 


I 


47.6JS 
■S-37° 


OI.J4! 


;:;; 


u 3 


5 


'E 


5; 


5 


'E 


3 


:;;; 


5 




| 


^ 


l 


:: 


I 


r 


_ 


»» 


U S 6 


;!,. s ™ 


i.J« 


■jfcj* 


;! 


E 


1 


its 


: 

1 

1 

1 

i 


^ MMHVM ^« MN tf* N ). WM k. l4 *«ft M M 1V « ta ^fc^l^k.i H .M Mkf <> 




11 


3*S> 


i 


^« 


z 


iMBj 


i 


»* 


ji^, 


*;; 


l 


^ 


i 


™* 




I* 1 


5 


"■ W ° 


.,; 


"™ 


'■ 


«» 


±> 


«»l 


.3,6, 


5 


■►» 


.3, 


4S.4J! 


"lias? 


n 



■. / ;..■ .: ■■ /,:.!■/■ /-■■ \r.:y ■ 



flJU 



If 






y ?i 



■H-. 


»,«»», Pi 


}! 


H 

i 


lis 


11 

ii 


If 


srr 


ifl 


■"">■•"* 


s 


*3" 


££ 


"- 


*"£" 


«» 


tuSi ^^ 


"-S'k.'/^'J 


SS 


i ! 


:^X 


';";: 


)„,. 




it ] 


if*. 


ifc) 


•■"') 








"« 'SI'S?' 


ik'S-'i'.f: 


fit' 


3S 


2S 


S.JJ 


,.*, 


= *1 




HI. 


it! 


«J 


*.; 


;„ 






"flASU") 


ja.36 


JO 


s? 


30*36 


}.«., 


=SM 




i. 


sk; 


..„ 


-- 




io(6 




''^te' " 5 * 


ss 


S3 


^ 


iw 


} 3=8-9 




ss! ' 


»M 


+ss- ■ 


«s, 






J* 


r jE?.Mijpu. 


"- '•»"»< 


338 


£ 


SJ 


ss 


}..,.. 


■ ? 


»*} 


Ul 


ii: 5 ' 


'■"I 


„, 


... 






asssi 


s 


3" 

33* 


5 


s 


]».. 

)— 


= " 


3 

mi ' 

331 J 


34 
!3t 


if. 


,.,.) 




-*s 


<«,! 


uulO^SpiniiTd 




,„ V j i ,.., ) 


58 


3* 


3J 


a*i 


]». 


.=£! 


Si 


M 


^ 


U.J. 






-» 




tstiggi 


« 


'! 


tml 


ss 


]•» 


.=& 


"7f 
'3t 


>3i 


?" 


.». 






«„ 




ft.lb.tf 


?S 


s 


ss 


"£ 


}■*. 


{=.11 


a 


3.1 


SS 


»u 


-- 




q> 




Ta&ui 


St? 




-»; 


3S 


},», 


{=?;:! 


»I 


K 


i»a 


«... 










•VBf" 


55 




3S> 


SS. 


[■a- 


{=£' 


sy 


rt 


+4*3 


„,., 






.W 


iSf-iKS' 


taws* 


SIT 




-™ 


S3? 


},„ 


EslJ 


>3 


HI 


-ii« 


33~t 




+.. 


»♦« 


B*. 




S>9 






S» 




'S! 


ni 


I'i 


i;a 


3i^ 






"»" 




.„. , 1:m ,„ ,, 


KI 




a; 


;ss 


)*. 




a 


»J 


ill. 


•» 






.*, 




^vl" 


K 
SB 




% 


itij 




IS 


5*t 

5g 


»1 


r 


33*' 






"Mi 


P dSf.'"^f=S lr " 


'fete 




—i 


5* 


}..M 


{=«» 


Si 


Wi 


t*a 


„.., 




- 


,„., 


OM^rtHf rf 


bJSmw 




1=3 


:;*' 


J~4 




,-i 
i»i 


SSi 


as 


«.. 


-- 






feS'hi^"'' 


pfT^'fe 




<3! 


85 


}— 


{^M 


Wi 


Hi 


tas 


436-S 


43^ 


->■ 


,.,„ 


Lr_ 






fa 


'!'.! 


; 4«-S 


13P 


!?i 


m 


i;:j 


..., 


"- 




.,,, 



• II. Computations of lnrometrkal obferv 



nade on heights near Taybridgc In PertMiir- 



d N" III. of thole i 



N" II. near Taybiidge. 




ss.se 


■SSSSSf 


m 


s 


111 


SJi 


S 




T™::'™- 


p 


Btl """ h '' i ' emK 


::;' : 


-|i| 


IS: 


m™ 


*te" 


M_ 


fife 


"£i£**f 


"M9« 


Wi 

•>:. 




IS 


}^ 


!s1b 


«: 


6V, 


;t s ™,i. 


f«M 




+ 7 * 


u,„ 


'.' ■ '.■ .:./" : ' 


SS 


Ill 


sis 


$* 


}.«?. 


,='r 


S6J 


[81 


+ (7,j 1 


"JJI 






, 13tl 


































j°lj */ w . 




;li 












I* 




























SI 










































'':;":, k': : - rM : ; : 


l-lj.S-s'+'iM. 


fS 


IS 


3jJ 


MS 


}'3°W 


— Ji: a 


&} 




+ ;;;5 1 


3*S-I 




+ 1. 




«&,« : 


ttm W IK. 


1»J.« 


!« 


^l 


w 


I 


on 




























= j.j 


"i' 














.», 9 i°to"' ^J. 






























a&j 


Mj...j'30'P.M. 


£<* 


!*' 


^« 


gg 


J.oSs.8 


i.= «4 


a 


i'i 


tJts ] 


«W 




-*, 


■ «H 


I.Ijii.^jo'A.M.. 


IB 


g' 


SS 


SS 


}*« 


,-■31., 


«. 


5°) 


=$7 } 


»«■ 




-^ 


,,6,3 


"-- "1 


I''J'M'«. ■ 


^ 


!;" 


^ 


SSI 


}'*■*« 


'-'3S;S 


j?' 


*>l 


1,34 3! 


PJ1.J 






, 
































'=S:ss-{ 




:t'1-> 


S"l 


3£ 


£Ss 


} J77-4 


;"** 


S'! 


»t 


= & ] 


■«. 




-M 


irtji 


ItfttM,"— -- w s * " -■ -•■•) .-« . 


'■s-39'r =>=■■« ** ■ 


= ".3 ] 


m* 




-67^ 




N° III. near 


Lanark. 












'"' 
































•■) 














35S8S 


%»m»| 


US 


': ; 


23 


19.849 


}344-I 


=£ 3 


SI 




£ & } 


mJ 


" 




..=!j 


Sea 8MM. 1 


D.4.S 


S-'j 


-«<? 


19.SW 




—19. 1 


I'll 




+■ 46. 




L 






































S*.j.7'+J'A.M.| 


*«, 


S=i 


-**i 


19.803 


}jj*3 


=i,:s 


It} 


Hi 


= S:j 1 


n 

36. = ; 


!-- 




», 


gg»; 


, P ,. 7 . B M,A. M .j 


S8 


ill 


38 


*5o3 


] 63..S 


^* 


$} 


4Si 


= ?;:| ! 


+> 




-m 


«M> 


^wSlSSf 


awpft] 


!tg 


Ml 


IS* 


3£ 


} *w.» 


^ 


it 


M 


* i;;3 ] 


443-Bl 








S3ttf** 


clx^ 




ff 


38 


tiS 


} 4.7.. 


3* 


«.} 


ssi 


= 44 i 


„,J 




1 


" 4 * 




r««39.l'*/P.M.I 


sit; 


;It 


38 


xs 


}«U» 


-,!., 


il} 


54i 


= U3} 


>», 






.,«. 




My jo. 6> A.H. | 


33 


! 61 


35 


S 


}..j.U 


3' 


£} 


«i 


1 ^-; ; 


6^0. ^ 








SS*SrU 


k»»»*.U£j 


;:6! 


■Jl 


3il 


?:g 


}"I»*3 


^'a 


si) 




= £4] 








" 4 " 


l '""' ,6ia,i 


%.tw'.':^'{ 


I 


a 
a 


-=6 3 

3S 

31? 


t!» 


IE 


-«3. 


Si. 


Hi 


1 <r '-* 1 


6S..BJ 


.(,j.s 




-„ 














fcithcliF, — _ _ | 'SH-i Jl'-39'. ; = ii. 3 x:... 


-';: i 


S.3J 




-"■ 





t m ] 

1° IV. Computations of l>:in;:n!.ri-J<::i] oljiu-vatioiis on ]i fights near Edinburgh. 







■i-M 


, ; |j 


: i 


* 


f.=.Ej 


r„ „:,,.,::,< 


= - t s 


k,:-,.l. !:;,-:, Iv, 


Fm,ro 


:--- 


GcoKtiial bwto 


rait of to obf Q - 


: ,'. 


ll 


Ml 


li 


Mi 


of £ air. 


■*., 




;;-,;;; 


5 ''- 


*«th*»ta££ 


"*■* "^ "" 


HI 


-■-' 


III 


Jli 


If 


KJI 


St 


m™ 


|i[. 


ft™,- 


»» 








tjjj. to ii. S "; 




S*"i 
















H... 




























= ™ 3 F.j 








£££&£$& 


*" E - « 5 m. 6 '"'; 


s$ 


11! 


31 


33 


} S">' 


33 


41 J 


Hl{ 


t\U} 


«...■! 


■J 


«M 


176, 




&SS3S&: 


^ 


J« 


3! 


»s: 


} ).». 


{^r.' 


41 ] 




iiU] 


336.3 J 






[.tilli Ti^i -l.cn.!, nr.L - 


£$%£&ri£' 


&& 


sS 


3S 


its 


} )6i. 


=«■» 


=i ] 


j>i J 


=& } 


Joe 




-3- 


•3=9 


■ ^*fc!f;lj" 


A i V ? 'w'»d D " 


s$ 


>7 




;ts 


f<WM 


321 


!*( 1 






M>.) 




-M 


1.49 


,"„ kT.!°" ; 
































**&££*■ 


2$ 


si' 


3t 


;t& 


1 1136.1 


- (.;.S 


6{ I 






'!J1 




^4-B 


I4H> 


Uwi of h™v tan 


'"'■'pm''*" 45 


&$ 


g 




:"" 




= !.! 


=1 J 




=t|} 








































(l^S'3™'S 


D«. .0,9-46' AM. 


:£8* 


» 


+°„ 


sts 


[ !«■» 


±*g;| 


■Of J 




=im} 


jejj 


■ JOS-3 


•Hfl 


■44J 
































fat - 


'"* ''pM 1 ' '' 


sis 


*i 


t«a 


as 


} F-H 


*:;:' 


3 } 




=£,} 


,..., 






C4>9 




*,. ,o. m ,,. 3tf 


23 


i 8 


3* 


&, 


} 6,j.i 


=" 


" ) 


3S1 { 


£"! 


M3. 




"- 


0646 


"Ssnf* 


Nw..7.)*jo'*.M. 


ss 


3°i 


w 


3:3! 


}«» 


= 


9i J 


*t { 


= f:il 


M.4 


«" 


~- 


W 


SsU 


H-6, Jan. 31. 10» 


^ 


■S! 


*Ss 


S3 


} »».J 


=£' 






3£" } 


at. 






«* 




«**««"' 


S3 


g 


38 


KS 


J61M 


3B 


?} 


6BJ \ 


ifc} 


N>o 






.4-6 




""jJSjt '" 


So\o!; 


* 


!S 


sS 


)«< 


= t? 


"*! 1 


**{ 


=*n 


,.,, 






W 


"™" h !"j C 


D=c> 7 .8'4"AAl 


ftjji 


s 


'-''-* 


;t$ 


] ;3°* 


■ — 


fl 1 


34l 1 


ii 4 } 


134-6 






0641 
































J^.l Sar, 730.8 




>,.u. 


? 




■9BM 


























"K 








.='9* 


















*♦>**»« 


■:.:■■> 


« 


3S 


sat 


}6S=., 


{=£* 


* J 


73l { 


±;r} 


74^ 






'* 


fijjf,F<b.i. J«. t 3»'.j-.j-.j= 1 4'.ixs.i| 


-i»ji 


1"3* 




-7.6 




L, !lLi L,.„ !,.• ..ki.^io.Olr. I.E H.C, Cfinltt 1 














i&] 










|_ A. s . 3 . 6S°.+ ,*.,~«i-.,=j.'. «>.,{ 


"*' 




-6., 





iP V. neur Lmhoufc. 




iseat 


sat* 


III 




ill 


a 


H 


Sill 


1 


3! 


K=ruM,)lkr *- 


5? 


i':v;- 


p .t: 


„ 


^sir 


to 


iqfcSfM. ] 


^■jf] 


ft 


I 


* = 


?! 


}..*.« 


:'!' 


S) 


!°"i 


^♦v 


..S3. 


}„, 


.„ 


* 


^*4*' ( **J 


'"*' ?M ''' *" j 


Ss 


Ki« 


6. ft. 


'7^3 


)"*" 


us 


8'] 


•1 


=.tj. 


•"■" 






"•" 


" '■'■ '■' 


IMJ, On. i- .'1 


^« 


« 


2 


'.v 


)""■' 


=$1 


S) 


*6-| 
HI 


Sir 1 


3)6.3 






.is* 


■ . <■"■-. ' 


':i>.].!,-;;;.N.v..'V 


.BSto 




:= 


,8.5,. 


.„,.. 


t j' 


if] 


<"» 




W 




.... 


...» 


$&&# : 


SK 


« 


*~ 


!S 


;»W 


= $ 


IS,) 


>7i 


: m : 


,„, 




-« 


,«. 


wmjMj«B.; 


sHS 


Kt 


s 


^ 


IS 


)" 


;;J:S 


il) 


" 


SKI 


„,. 




-«> 


"- 


N'VI. 




raarroii. 








J!S. A^-4. ■':')|l9- 6 M 


6.| 


-=*s 


M 


.W 


+"£+ 


?! 


5«l 


i.it 1 ) 


1JS1.S 


•-- 




:.». 


,5dM"i£ji C ?" ! '; 


MS- ». d"!' P.M.1 30.036 


iSi 


^1" 


!5 


«*3 


rsr 


?) 

S'l 


ii| 


=$■ \ 


1MM 


.,„,.. 


l&S 


,«6 




S-.blto.L.gM.. =. !»■. q«fa> to tit «, > 




*lf.I=>/MU 


= £3) 




>33* 


-... 






AtJ.6>)-Aii.{ 


S8 


« 


=£) 


SKS 


»■« 


:'S:! 


SI) 


jot ■ 


i,SSt) 


"*"] 










Aug. 7. 9 1 7' A.M. [ 


Si 


Si 


=3. 


SSI 


nu 


?£( 


Si) 


a { 


*.i?i ) 












A>* J. * / P.M. j 


SSI 


61 

6oj 


3; 


S3! 


MM 


='! 7 : 6 


S'l 


»i ■ 


=>£: i 


jjiw^i 










A.J. ;. .' 7' P.M. | 


53 


S3l 


3! 


Kii 


3333! 


:7S 


Si 


w ■ 


til-S] 


».,) 








Si?' 


*vns?~: 


S^t 


5* 


3 




.»» 


::9s 


if) 
3) 


fli 




ri 






* 




n. S . .*io>,'. 


KB 


Ml 


35 


a 


[jji'fl 


l:'Bi 


Si) 


H{ 


SA ) 


3S~6. 


33*1 








»,.,,.„•,-. 


3:3! 


« 


3S! 


m 


(aw 


C'S* 


5) 


• 1 




3.1» 






.» 








A,......,, 


SS 




z£ 


33 


}}3S'-J 


f?K 


•i 


» 1 


:.St 1 


.«> » J 










* , ~;;*S'i , ~"i"""'™- • 


!»».. 


l?JB 


-) 


■ j' 


=■!&! 




WM 


-6., 




„..„.„„,,.,..„, - - »„-,„„„,„=„.„ 


-«.. 




mm 


-"' 








[ >Si ] 



ifwering to tbc coklefl nnd botteft icmpcr.itii.rtj 







1 


I 


1 




3! 

it 


if 


^aar 


Jifc 


•**»"■»• 


it 


ti 


Si: 


». 


;■;. 


^ 


«.... 


j &{ 


"■Mi: "1 


SB 




52 


8S 


■SM 


% 


"711 


:9i 


~ 1 


!'«! 


WW 


(;,, 


ri' 


OS3« 


F «;■ 1 


"Wl 


isiw 


371 


Si 


iS 


*93-7 


.=.« 


Si] 


>9l 


-{ 


= ii] 


*" 




... 


.„■ 


* & i 


-*f, 


1S.87S 


371 


-«. 


«■<« 


6,,.. 


[i ? 


,'.') 


M 


- 


: a I 


>.,. 




... 


..,. 


! $■> f 


Mvii: tf'p' 


-itm 


371 


-=»< 


Mg 


IB-. 


s :, 


ai 


^ 


- 


: S) 


,7,.. 




-„ 


„. 


' & 1 


M "l^' W 'j 


S3 


37 


=s; 


;.«y 


9!*-9 


s a 


SM 


>* 


-' 


= w) 


„« 




-3.. 


>. 


4 £ | 


'*•■'"■( 


ss 


■«1 


.■^ 


& 


«•« 


;i,!:' 


8") 


.11 


,1- 


:t) 


*H 




.... 


•Xt 


#. I 


*a"i 


S3 


£ 


— 


«K 


6303 


a ,.. 


SI 


■I 


a 


: !:■) 


6^3 






«„ 


7^; i 


•*■&*{ 


is 


s 


= 


= 


) I- 


= *' 


?) 


3ti 


301 


: f!l 


377.3 






^. 


1 •!,£'> 1 


-Vi,."' { 


fir. 


33 


=S! 


S$ 


| „... 


= 3? 


S?) 


3>l 


3., 


: 1:1] 


9>..7 


-- 


.„ 


»«9 


i Mi. J 
| "9 ! -9 1 


"■a*! 


ss 


£ 


3; 


5* 


J.3.M 


i u 


3*1 ] 


38( 


3'i 


= lil 


3«. 




... 




i tJ >* i 


»Uf( 


3S 


33) 


S! 


i?j« 


).«■ 


= £1 


Si] 


»l 


331 


£ J*l 


3... 




..7 




1 "*' ' 
3 ^ . 


"Vk" 1 


K 


as 
39! 


3:: 


£5. 


.,;; 


= ":= 


Si 


„ 


« 


* *■ 1 


,,.. 




.« 


..» 


"i-r-'l 


.S^> 


3S 

39) 


S! 


.£$ 


I* 


!- « 


SI 


,.1 


'{ 


= ."} 


.« 




• » 


,.», 


•A i 


"■tsr*i 


S5 


31 


3;; 


Kj 


13SSS 


;; s 


Sfil 




„ 


= $3 


.,». 




..7. 


,..„ 


X 1 


„.,.-. 


Sal! 


37 


3* 


: ;;• 


..,„ 


1= H 


S?) 


<• 


Hi 


= .i 6 } 


M.» 




.H 


..317 


3% : 


"W( 


ss 


14 


38 


■J.9« 


I* 


[5W 


881 1 


>, 


731 


SSil 


W. 




.... 


..39. 


i 




ss> 


7* 


3S 


■S-*7= 


[>t-» 


,=X. 


:..! 


7« 


731 
7» 


=3^1] 


1.77 3 


}-;r 


'- 


..to 


I A- 


«tt 


S3! 




3!J 


2& 


)„„.. 


L=1i? 


tji- 


M 


7. 


=15^6 ] 


«» 


I.,,.. 








WK ., r 


as 


M 




*5S 


1«» 


{^«3 


a 


"3 


77 


: •„.. 


.»«. 


(.37... 




'"" 


I .... 


"'£»*"'( 


sja 


Ui 


lUi 


££ 


)„«. 


{^sJ:? 


Si! 


■■ 


7. 


=w! 


»*7 


1™,. 






1 ""■• 1 


»,E • 


rt' 1 * 


$ 


"lit 


lSi!5 


l>o>. 


{=T 


Si 


'. 


.7 


;;J,} 


WU 


I w 




'"" 


! „.. 


'*air- 


,:: ; 


I. 


-'0; 


sS.ij. 


1».H 


[z"?i' 


•> 


s- 


H 


=Msi! 


.76'9 


1 






1 -- 




i : . 


J6 


-us 


H-; 


)....-. 


{^; 


S) 


U 


77 


:;£,: 


■7.7.. 


J.3M 


+ .39 


..3M 


i 


»«••■ 


w 


S 


33 


«*w 


1.1.M 


{^£ 


?»] 


„ 


73 


iS> 


.9,7. 


\*M 






[ ,!,7i 


"Bf* 




JJ 




*!S 


}*>, 


[^» 5 


S?l 


B*i 


7. 


sst<! 


^93-7 




'"" 




»"**■'■*■• 


JB 


— 


"' 


"* 













Continuation of Mr. 





i: 1 






■■:■. 
















o,,.,*.,,, 


1 


s 


Jf'l 

III 




1 


Wi 










||.j 


™" 


£ 


to 


SS. 


't;™ - 


«,... 


Gtt. 








■™ = 


•4-M 


; 


«r 


6*1 } 


<l 




if».) 


„.. 








Sgjri 


8S 




=$ 


£S 


3!,.. 


PS 


tm 


7>l 




=33>3 1 


„».) 


.... 






■;■■; -; : ; : - 


"WsH 


» 




"! 


S^JOS 


■3915- 


ins 


S'l 
3} 


»! 


ss 


;«■; 


:::.} 


r: 




I 










































-!«? 


4^S 


.,6,, 


'~9* 


= ) 


71! 


„ 


j.r 


iia * 








Li^i-hmS tf 


'■-a" [ 






-IIS 


w!j 


.1+3 


!=.? 


= } 


.9 


"{ 


"S. 


.... 


*. 




*. 




'•",S"( 


W$ 




3 


tis 


■ .114 


(-;* 


= ] 
= 1 


" 


M 


■» :i 


1S8-S 






















Men 


7' 
















jtu»9 


1 






























J» 








































1 


















&s 


J- 


-4. 


»«. 




1- 


-J 




_. 












Fo ;^r^^M 


3& 


9 


:3 


$5 


3*6 


: — 


= } 


rt 


"{ 


:s.) 


.,- 


















Emf,™ or IT* Lib of Gutvi atev< .i.t UtSHmtKU, - .=..9.7 




Mr. ol llA «k Ita Lake it <l»u<d llwlhc So ll.l Finch, or 19» Engl ib fret. 


'°S'£?7£Z 


tt»4 




,. I,-,™' 


M 


. DZ LA CAI 


le-s barometrical Oblcrvatiom, Sept. i», 1751, at the Capo of Goo.1 Hope 










































1 
































1<$ 
















+ ^4- 










Elcr£blC Of til* Ub' 1 


..>*• 




J 






1 


r ' 




















«..r 
















i» 


"■ 
























| 3 .^ 


l-M 








































=.»-■ 










































r,s-"i~).«- 






U 




M6 




.-'«■ 








t M' 
















/ 






) 






















^ 
































P.S. 
















i» 


-' 












" ?S}»! 






s 


-OB 


Asm 


J 


U 3M . 


„. 












u m 


,,(,!; 
































,-,,,„,.■.,...,{:,;:.:)».„ - 


';..?"""')'** _ "* 



Commutations of barometrical oMetwlions made on heights that have not hceii determined 
geometries] ly. 







Eli 


;| 


$ 


*] 


p 


?rx™r 


*H 


J,l 


: 


*""■ 


■**"— "~ 


I'll 


■: 




Bi 


If 




il 


H 


lii 


s 


u. 


{ 


Tit"Si'i»" 


SK 


« 




is 


,.,., 


■ « } 


jv i 


=9.Tt] 


,„., 


,.l 


•»»» { 


'Sfi'SC': 


3:S 


& 


3« 


1b» 


•» 


1»1 


w i 


%'} 


,... 


It 


,„6.S„.„. { 


h, L.. ( 


£t£ 


S>1 


3^ 


cs 


9*1* 


*") 


«t 


1?%) 


Si 


•1 




o.,,„_ 


S5 


*<J 


3: 


35 


.„ 


(Si 


r t 


it,} 


». 


w 


S=f. .>. { 


""-' 


3SS 


S'i 


38 


•A 


-»" 


IS) 


«t 


*.,£] 


«•• 


.. 


s„.„. | 


T^o[!k n L.™. 


*!*> 


S* 


3! 


SES 


** 


L ji } 


« t 


+ JO. 1 


A- 


« 




TopofB^M™* 


!*^s 


sri 


3! 


ts 


a» 


[i*i 1 


44*{ 


&£*] 


»« 


I3i 


«•'•»■ { 


'•"- Gl - 


SB 


4< 


=2! 


i*a 


™... 


IS) 


J3i 


iswl 


■w 


•a 


!»..,. 1 


»"' •""•- 


K£ 


i* 


=a; 


VH 


*.»( 


tai 


»l 


*fr. : 


.». 


* 


**>, | 


>.'■*!- 


~;,- 


Ml 


-:£ 


Kg 


» 


(SI 


6H 


■W J 


-••. 


•! 


'!7;,s.p.s- { 


»,.,.„„. 


s£ 


S* 


38 


ss 


.<• 


1 s« ] 


5* 


+*+■ 1 


<M 


.1 


■»• 1 




W 


M 


38 


sa 


.» 


I » J 


fc* 


£&i } 


M 


7i 


rffi 


llli. 


s 


s 


3i6 




|«*i 


m 


Si 


SK 


*°S4 


41 



CBiuputarions of Mr. E 



*s observations in Peru, fuppofing them to have been made at correl'potiding limes, and ii 
re of Iheday, between the colikft of the morning ami initial of the ji'mmrai. 



VggttiSSXt 


~3i5 


1 


i 


ifj 


':;■■•■ 


1*1 


H 

J: 


• 

- 

fill Ik 


1 


11 


i 


%£«&. 


fSrtk.b 


Mm 




'> Sj - ! i i. ,(■■■,' 


SJS 


431 


32 


\t$l 


[ ..... 


.... 


[IS* 


I- 


(if, 


}"SV 


,■- 


'""] 










8, 




Xnl 


!...» 


.«.. 


r-S.84 


1 (ul 
























J "* 








,„„. 




;;,£ " 


«»{<&&» 


£5 


v 


-w 


2& 


(«.» 


.»*, 


[=ta' 


}» 


[!A 


)«•>. 


.». 


„,.j 






*»-{!S8™* 


,^Tj 


66 


-* 


i*;6, 


I*.,, 


nu 


ftW 


la 


; ^:; 


I» 


.».. 






fj 


sax ■'$} 


»»iasr 


™ 


66 


~ 


3*8 


},»« 


.6B..6 


[?^J 


)« 


(=.»4 


}.«.. 


-" 


.... 


i6j6j 






















1 .a 


{+ !^S 


















« 












1 & 












ij 


85 s 'SSI 


Mas* 


= 


«i 


= 


"1!f 


).►.. 


<». 


(I 1 ..:? 


)m 


UJ?: 1 


(..« 


-.« 






s* -ei 


6i»> (gfe 


— 


'Si 


— 


w.-i 


} .m. 


««.. 


[-'...» 


}.. 


{=,11: 


6 M4 . 1 


+.*■ 






P.- 


















— g - 


~~ 








1^ 










































Bl 


Q,i«. ™i 






























g Ll-.r.™*^ , 64 oj 


iQd.o, 




'si 




'■' Ji 


....„ 




U 6..6 




= * Si 









